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sunnARY 


The work described In this report represents a first step In understanding 
ant evaluating how internal noise radiates through mult I 'element, single as 
wet I as dual stream, mechanical suppressors. 

The objective of this program was to conduct a series of tests to deter- 
mine the efficiency of internal noise radiation for two mechanical suppressor 
nozzles, namely, a single stream 12-lobe 2k-tube suppressor nozzle and a dual 
stream 3o-chute suppressor nozzle. An equivalent single round conical nozzle 
and an equivalent coannular nozzle system were also tested to provide a ref- 
erence for the two suppressors. 

An impulse test technique developed in Phase I of this program was used 
to study the radiation characteristics of these nozzles. This technique 
utilizes a high voltage spark discharge as a noise source within the test duct 
and enab es one to separate the Incident* reflected and transmitted signals 
in the time domain. These signals are then Fourier transformed to obtain 
various transmission parameters, in particular, the nozzle transmission coeffi- 
cient (NTC) and the power transfer function (PTF). 

These transmission parameters for the 12-lobe, 2k-tube suppressor noZzie 
and the reference conical nozzle are presented as a function of jet Mach number, 
duct Mach number, polar angle and temperature. Effects of simulated forward 
flight are also considered for these nozzles. 

For the dual stream, 36-chute suppressor, the NTC and PTF are pre- 
sented as a function of velocity ratios and temperature ratios. Where possible 
data for the equivalent coaxial nozzle is also presented. 

As a by-product of this work, data on jet-mixing noise and 
broad-band amplification was also available. Typical results describing 
the jet noise suppression by these suppressors are, therefore, presented. 

A new technique using signal recovery and an electro-acoustic driver, 
developed to improve the single-shot spark discharge method, has also been 
discussed. 

Many of the results described here are new and are not amenable to 
immediate explanations. Due to the interesting nature of these results and 
their usefulness, the transmission data has been included in this report as 
an appendix. 
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1, INTRODUCTION 


In order for supersonic cruise aircraft to meet at least the FAR-36 
( 1969 ) noise rule, the use of variable cycle engines utilizing coannular 
Inverted-velocity-prof lies or low by pass (two stream) engines with sup- 
pressor nozzles have been advanced In recent years* With the introduction 
of the FAR -36 (1977) noise goals, and even more stringent goals proposed 
for the future, all practical current engine cycles being considered will 
require jet noise suppressor nozzles. 

An idea of recent vintage for reducing jet engine noise is to use 
coannular jet exhaust streams with inverted velocity profiles. Model- 
scale tests of this concept indicate jet exhaust noise reductions of the 
order of 6-8 EPNdB. However, before full-scale flight testing of new 
engines designed to produce such profiles is undertaken, all aspects of 
engine noise must be understood, including core noise generation* core 
noise radiation, and flight effects on fan/jet noise generation and rad- 
iation [1.1, 1.2]. 

In an effort to ensure that minimization of the exhaust noise does 
not give rise to another noise problem (as occurred In the development of 
the fan jet engine), NASA-Lewis awarded a contract to Lockheed-Georgia 
Company In 1978 to determine the acoustic radiation characteristics of 
internal noise for this inverted velocity profile cycle. A number of co- 
annular nozzles were tested as a function of velocity ratio, temperature 
ratio and nozzle geometry (e.g. L/h, nozzle angle etc.) and the results 
are described in reference 1.3* The above contract was later extended to 
determine the transmission characteristics of typical mechanical suppressors. 

A number of mechanical suppressors have been developed in the course of 
trying to minimize the noise of aircraft engines. These suppressors have 
been tested for a variety of test conditions, both statically and in flight 
and appear to offer jet r -Je reductions of as much as 10 PNdB [1.4- 1.6]. 

With this promise offered b, the scale model tests, it is crucial to know 
if other problems exist that may negate the jet noise suppression noticed 
In the model tests. One of the potential problems that may contribute to 
a reduction In the effectiveness of the mechanical suppressors is the 
radiation of the internal noise. If the radiation efficiency of the mech- 
anical suppressor nozzle Increased over other types of suppressor nozzles 
(for example coaxial nozzles with inverted velocity profiles) or even 
Just simple convergent round nozzles, this would be crucial in the ulti- 
mate evaluation of the mechanical suppressor nozzle. 
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Due to their Importance, the radiation characteristics of two mechanical 
suppressor nozzles, namely the dual stream mult I -chute suppressor nozzle and 

stuiTId' 'Jh'rrr“ multl-tube suppressor nozzle wefc thSJefore ^e'ntly 

stud ed. The dua stream suppressor was modeled after one of the 36 chute 
nozzles of G.E. [1.5] and the single stream suppressor after a l2*iobe 2(i-tube 
suppressor nozzle tested by Douglas Aircraft cSfpora?Ion ^ Rolu-Roycf llS " 

stlnainr rho program was primarily experimental and was aimed at under- ' 
standing the acoustic transmission characteristics of internal noise sources 

®<l«>valent coannular nozzle system and a single round 

and thi tested to provide a reference for the multi-chute 

and the multl-lobe-mul tl*tube suppressors, respectively. 

The above program for the suppressor nozzles Is described In this reoort 

? 3l;:e^'1"^uah liin ’? how ?nLrJaf n^ se 

sSppJetLJS '"e't'-element, single as well as dual stream, mechanical 

..cH t" technique developed in Phase 1 of this program [1.3] was 

used to determine the transmission characteristics of these Lp?ressor nozzles 

^ voltage spark discharge as a noise source within 
separate the Incident ^reflected and the 
transmitted signals in the time domain. These signals are then Fourier trans- 
formed to obtain various transmission parameters. tourier trans- 

such [1.8] against the classical theories 

standard Schwinger [1.9] for unflanged pipes and against the 

techniques such as the standing wave tube method* 

Facility description, test plan and the method of data acquisition and 
ana ys.s are deacr bed In the next section. This is fol iLe^ ?n WUoTt 
by the experimental results for the 12-lobe, 24-tube suppressor nozzU Result.; 
or a range of flow conditions are presented and compared with those for an 
equivalent round conical nozzle of the same exit area. Effects of nLzlI 

o)I’thrradiaf?‘""'’®h’ — number, jet temperature and flight vel- 

city on the radiation characteristics of these nozzles are discussed. 

nozzl^(r/h%IrhiI'h suppressor nozzle and the reference coannular 

ftf wain * 1 - nozzles - 3) are then presented In section 4. Effects 

Int r *®"'P®''®ture ratios are discussed on the transmlsslort of 

ternal noise from the Impulse source located within the secondary plenum. 

seporson I l^a I M^HoItrlatto iru^lccptlbl 

cion n this situation 15 to use the technique of signal averaolfio if o 

»veraped,’,b'a ciJ.?.b- 
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This signal averaging technique to recover Incident, reflected and the 
t ansmitted pulses was also developed In the present study by Injecting pulses 
rough acoustic drivers Instead of the spark source. Limited data obtained by 
using this technique is presented In section 5. 

General discussions «»nd the main conclusions are given in section 6. 

Finally, the majority of the transmission data Is tabulated as an 
appendix* 
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2. TEST CONFIGURATIONS AND PROCEDURES 


The acoustic measurements for determining the ti^ansmlsslon coefficients 
were carried out In two separate facilities* The daisy lobe nozzle and the 
reference conical round nozzle were tested In the anecholc free Jet facility. 
The multi-chute suppressor nozzle and the reference coaxial round nozzle, for 
wnich no flight simulation da a was required, were tested In the anecholc 
static Jet facility. Both of these facilities have been used extensively 
In our previous work for studying the effects of forward velocity on Jet mix- 
ing noise, shock noise and Internal noise (for example see ref. 2.1 and 2.2) 
and to study Jet mixing noise from single and coaxial model Jets (ref. 2.3- 
2 . 6 ). 


A description of the facilities is given in section 2.1 below. The 
details of the anecholc chambers and the air flow systems are given first. 
This is followed by a description of the nozzles, the source section and the 
spark circuit used to generate the sparks for the Impulse noise. The test 
plan is described in section 2.2. Finally, details of the data acquisition 
and a."!'*!ysls system Including facility instrumentation, microphone cali- 
brations and definition of various transmission parameters are described in 
secticMi 2.3. 


2.1 FACILITY DESCRIPTION 
2.1.1 Anecholc Free Jet Facility 

This facility was used to test the effects of forward motion on the 
transmission characteristics of the daisy lobe suppressor nozzle and the 
reference round conical nozzle. The facility Is powered by a Jet ejector 
and is capable of providing continuous free-Jet velocities up to 95 w/s with 
a circular test section of diameter O./i m. A planview schematic of the 
complete facility is shown in Figure 2.1. Starting from the left, air is 
drawn into the intake, through the honeycomb and screens to the contraction, 
across the anecholc room (test section) to the collector, through the dif- 
fuser, the two right-angle corners with turning vanes, and through the duct 
silencers to the transition section. The exhaust and entrainment flows of 
the Jet ejector (diameter “ 8.6 cm) are diffused through the 17.1 m long 
muffler/diffuser section shown on the right of Figure 2.1. 

The basic anecholc room surrounding the free-Jet test section is ^.3 m 
long, 4.3 m wide, and 6.1 m high between wedge tips. The interior is lined 
with polyurethane foam wedges. The chamber Is completely isolated from the 
rest of the acoustics laboratory since It is mounted on massive springs. A 
spring-tensioned cable floor, suspended from the walls, provides easy access 
to the Interior of the chamber for instrumentation and hardware changes and 
for calibration purposes. 

Because of the high noise levels generated by the Jet ejector, being 
operated at pressure ratios up to 8 to induce flows through the working 
section of up to 95 m/s, a significant amount of acoustic treatment has been 
incorporated in the tunnel ducting between the anecholc room and the Jet 
ejector. A detailed description of this treatment Is given In reference 2.1. 
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A series of tesCs were conducted to determine the anecholc quality of 
the anecholc chamber with the free Jet Installed (ref. 2.2). The facility 
was found anecholc down to a frequency of approximately 160 Hz. 

The free Jet section Is 0.71 m In diameter. A photographic view of 
the free Jet section with the daisy lobe nozzle mounted In place Is shown 
In Figure 2.2. The Inlet diameter of the free Jet at the upstream section 
Is 1.9 m, and the Inner contour Is designed to provide a flat velocity profile 
at the exit plane. The total length of the contraction section Is Z.kk m. 
Other pertinent details about the construction and the aerodynamic perform* 
ance of the free Jet and the free Jet Intake (Fig. 2.3) can be seen In refer- 
ences 2.2 and 2.1. 

The air supply to the Jet ejector originates from the main 2.07 x 10® 
H/nr compressor which supplies dry air to all research center facilities. 

In addition^ storage tanks retain approximately 5500 Kgm of air at 2.07 x 10® 
N/m^ for higher demands. The ejector air supply ducting and the ejector 
diffuser section are shown in Figure 2.4. 

SINGLE JET ft I R SUPPLY. - For minimum blockage (and therefore minimum 
flow disturbance! In the working section^ the air-supply ducting for the 
primary Jet Is Installed In the intake/contraction section rather than 
through a swept pylon mounted on the anecholc room wall. The ducting is de- 
signed to avoid any flow separation within the accelerating free-jet flow In 
the contraction section, a totally welded construction being adopted for this 
purpose. The ducting Is aligned by using a low power laser, placed at the 
end of the collector/diffuser and aimed along the free-jet centerline, en- 
suring that the model Jet would exhaust axially In the free stream. 

For heated jet noise tests, the air Is first heated to approximately 
1000 K by a Marquardt Sudden Expansion (SUE) Propane Burner located outside 
the laboratory building. The air is then passed through a muffler section 
which has been previously shown (ref. 2.3) to be highly effective in mlni- 
mizino upstream Internal noise levels. Downstream of this muffler section, 
the air passes through approximately 30 meters of 10.2 cm diameter Inconel 
pipe before finally reaching the model-jet nozzle. To compensate for the 
heat losses from this long length of pipe, a portion of the pipe (approxi- 
mately 10 m long and located upstream of free-jet intake) is wrapped with 
commercially available half-circle electric heating units. In order to 
provide further heat insulation, ail bare pipework and outer surfaces of 
electric heating units are covered with 7.6 cm thick kaowool blanket (see 
Fig. 2.3). Over the final section of the pipe, just upstream of the model- 
jet nozzle, the insulation is smoothly tapered to provide a clean free-jet 
flow. 

2.1.2 Anecholc Static Jet Facility 

The acoustic measurements to determine the nozzle transmission co- 
efficients and the jet mixing noise of the dual stream multi-chute nozzle 
and also the reference coaxial nozzle were made In the Anecholc Static Jet 
Facility located In the Lockheed-Georgia research laboratories. This 
facility has been used extensively In the past to make measurements of noise 
from single jets. In 1977, the existing facility was modified to enable 
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Figure 2.2 


A photmjrdphic view of the 12- lobe, 24-tube nozzle 
mouniod in the flight simulation facility. 


suppressor 
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measurements of noise from dual flow Jets. This modified facility and the 
calibration tests conducted to check both the acoustic and the aerodynamic 
cleanliness the facility are described In detail In references 2.6 and 2.7. 
The same fac llty was used to study the transmission characteristics of 

thriresenrltudy [2 profiles during the first phase of 

The anecholc chamber used for these studies provides a f-ee-fleld 
env ronment for all frequencies above 200 Hz, and Incorporates a specially- 
designed exhaust collector/muffler which (1) provides adequate quantities of 
jet entralnn«nt a r. (2) distributes this entValnment al r symr^ejN^ny 

around the jet ax s, and (3) keeps the air flow circulation velocltles^ln 
the room to a minimum. 

The air for the primary and secondary Jets Is supplied by the main 
compressor which provides up to 9 Kg/sec. of clean dry air at 2.07 x 10® Pa. 
f ’’ ! a propane burner to approximately lOOOK. The primary 

Controlled Independently downstream of the 
burner. Each supply has a hot and Cold valve such that the desired ope- 

Irinn! obtained within the pressure and temperature llmlt- 

L ^'’®" <H»-ected through a Set of 

f ®u internal noise levels. The two streams 

ally enter their respective plenums which are located upstream of the 
coannular nozzle section. 

nf ‘H®®"® *''® Positions of the exit planes 

?h • ° ®P®®*®’ ®’<P®nslon coupling has been Incor- 

dult primary duct work, with a corresponding spacer in the secondary 

duct work. It provides for expansion or contraction of the Inner duct relat- 

ive to the outer duct of ik mm from center which Is adequate for the thermal 
expansion associated with the likely temperature differentials between 
primary and secondary flows. 


2.1.3 Nozzle Description 

l-QBE NOZZLE. The multi-lobe mult I -tube suppressor has been 
modeled after a 12-lohe 24-tube suppressor tested by Rolls-Royce Ltd. and 

"r"® photographic views of 

of 2.5(a) and 2.5(b). A cross-sectional view 

Of the nozzle with Important dimensions is shown in Figure 2.6. The total 

a 'r'®**®? ®"‘* 30.21 sj. cm. a.;d Is eJSlv- 

" 02 z>e with a diameter equal to 6.21 cm (2.44 In). 
1°^!® ®'‘® ®*^*=®*=*'®<* to a conic section which makes an 
r? $0 degrees with the nozzle axis. The 24 tubes are equispaced on 

If Jit ‘<‘®"«eter Is 0.409 cm and the tube 

cmiii-h^ff^"®^®* ® "im. The Inlets of these tubes are well rounded for 

smooth f ow entry and the exits are chamfered to minimize flow separation 
at the I ip. 
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Pressure Ports 



Figure 2.6 A cross-sectional view of the daisy lobe nozzle. 



Th« 12 daisy lobes are also equispaced and each lobe consists of two 
straight and two rounded walls (see Fig 2.6). The lobe angle is IS degrees 
and the flow area of each lobe Is 2.26 sq. cm. This provides a ratio of 
total area of the lobes and that of the tubes equal to 9.6. Three stlffner 
pins of diameter 0.80 mm are inserted between the adjacent walls of each 
pair of lobes. 

A plug Is mounted in the center of the nozzle. It Is ogival in shape, 
has a maximum diameter of 1.S8 cm and protrudes beyond the lobe exit by A. 95 
cm. It extends upstream Into the 10.16 cm diameter test duct by 7.08 cm and 
has an elliptical leading edge (major axis <=> 6.34 cm, minor axis = 1.58 cm). 
The plug is actually detachable from the main body of the nozzle such that 
tests can be carried out with a different plug or no plug at all, If so 
requi red. 

To obtain a measure of the drag on this nozzle, seven static pressure 
sensing ports have been provided, four in the entrainment area between 
the lobes, and three on the plug itself. Exact locations of these ports are 
shown in Figure 2.6. The four pressure ports in between the lobes can be 
seen in a close up shot of the nozzle shown in Figure 2.7 where the plug has 
heen removed. 

REFERENCE CONICAL N022LE. The reference nozzle is a round conical 
convergent nozzle of flow area equal to that of the daisy lobe nozzle with 
an exit diameter ■ 6.21 cm (2.44 in). Fertlnent dimensions of this nozzle 
are given in Figure 2.8. The nozzle was designed such that when mounted on 
the i0.l6 cm diameter supply duct, the distances of the spark source or the 
induct transducer from the exit plane remained the same as those from the 
exit of the daisy lobe nozzle. 

MULTI “CHUTE SUPPRESSOR NOZZLE . The multl~chute suppressor Is a co~ 
axial 3i^-chute nozzle and matches that tested by G.E. (reference 2.11) in 
NASA Contract NAS3~l8008. This nozzle Is illustrated In Figure 2.9. Rele- 
vant dimensions are also given In this figure. Photographic views of the 
exhaust and also of the Inlet are shown In Figure 2.10. This nozzle, while 
matching the exhaust characteristics of the G.E. nozzle is scaled to be 
physically as close as possible to one of the coaxial nozzles (described 
later) tested under Contract NAS3*20797 fojT whiah the ■present oontmot is 
(xn extension ) and Is constructed such that It will fit the existing coaxial 
fad 1 Ity. This suppressor Is fitted with a 6.7 cm (2.7 In.) diameter plug. 
Other parameters of Interest for this nozzle are as follows: 

e Area of primary annulus » 45.6 cm^ (7.068 In.^) 

[Equivalent round jet dia. = 7.62 cm (3 In.)] 

e Flow area through primary/chute flow area = 1.5 

e Projected area of secondary annulus/chute flow area =2.5 

• Protrusion of primary exit plane with respect to the 
secondary exit (L)/height of the annulus (h) = 3 
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Figure 2.7 A close-up view of the daisy lobe suppressor 
with the plug removed. 
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REFERENCE COAXIAL NOZZLE. The reference coaxial nozzle tested to 
compare with the results ^rotn the rtiultl-ehute nozzle is shewn In Figure 2.11. 
It is one of the six coaxial nozzles tested earlier (see ref. 2.8) to study 
the transmission characteristics of coaxial nozzles with inverted velocity 
profiles. The area of the primary nozzle (diameter ■ 7*62 cm) Is equal to 
that of the primary annulus of the multl'chuta nozzle, i.e. 45.8 sq. cm. The 
only other parameter that Is the same for the two nozzles Is the ratio, L/h 
which Is equal to 3. A comparison of other parameters of Interest is made in 
table 2.1 below: 


Table 2.1 Various geometric parameters for the multi-chute 
suppressor and the reference coaxial nozzle. 


Secondary Height of the 

Jet Exit Ap Secondary 

Area, Ac ^ Annulus, h 

(c«2) ^ (cm) 


6A.1A 0.71 1.70 


30.40 1.50 1.79 
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2.1.1» Source Section 


source section for the single stream nozzle suppressor and the 
reference conical nozzle was different from that used for the dual stream 

suppressor and the reference coaxlcl nozzle. The two types of source sections 
are described separately below. aewuyns 

--ri-„. l-.^L nozzles. The experimental 

configuration n its basic form Is shown in Figure 2.12, It contains the 

tU't ® O" diameter supply duct, 

about 6 meters upstream of the nozzle exit. Internal noise Is generated by 

across two graphite electrodes (dia. » 0.318 cm) separated"^ 

D/ o.b mm wide air gap. 

S^RCE SECTION FOR THE DUA L STREAM NOZZLE, for the dual stream 

‘’’® secondary plenum, were used. 

In o®?S ® ® ® secondary plenum Is visible 

In Figures 2.13 and 2.14 where the reference coaxial nozzle and the multl- 
chute suppressor respectively aie shown mounted downstream of the source 
section. A schematic view of the source section Is shown in Figure 2.15. 

The source section for the primary plenum Is also shown here, although the 
primary source was not used In the p^-esent study. 

i® unlike the configuration for the single 

®,’ ”^*r® ”®® P’®®®*^ ® considerable distance away 

oX f“®‘ '’®“'® configuration was located 

“P*^'^®®'" of ‘he nozzle exit plane. As explained In appendix A a 
larger t rave ling distance is desirable so that the spherical wave fronts 
of an Impulsive point source will have such large radius of curvature that 
‘"'f" essentr.tly « a pl.„a wa«, whilh I, th. SesfJeJ ilJ-LJt 

ArstalS"in ^22 J“!i plena. w« not practical with our facility. 

As Shown In Figure 2.15, the spark source (electrode gap) was used in conlunc- 

a paraboloidal reflector. The spark source l?ielf was placeS at 

to ° ®^t®®^ paraboloidal reflector was 

the wav^fronJ fiT ®?®T ‘'‘®''®i'n9 In the axial direction and to modify 
the wave front from spherical to essentially plane In nature. 

*-u u u?®L of the spark gaps In this configuration was connected in series 
through high voltage cables such that all of them fired simultaneously. Un- 

rodL k^® !*"®'® configuration where the two elect- 
ed ®®*^2?®''* ‘‘’® plenum electrodes In this case 

dd an Included angle of 20® as shown In Figure 2.15(b) 


the Darabo?Ilid'fh‘'^°‘^k •removable through a threaded connection and entered 
the paraboloid through narrow openings drilled on the sides of the reflectors. 

2.1.5 Spark Circuit 


Flaure 2 lA ^ a M k ® ®f ‘i’® ®P®'’k discharge circuit are shown In 

to 5 in XU ^ J®®® power supply charges a storage capacitor (70 pF) 

kL? ^ ^i'®^‘l'scharge of the capacitor occurs through the air gap 

®'®®‘'’®‘^®s* ‘lius producing a powerful, but physically small, 
acoustic pulse. 
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Figure 2.12 The source section for the dai*^y lobe and the reference 
conical nozzle and the measurement configuration 
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Figure 2. 13 


The coaxial Jet facility 
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Figure 2.15 Source section for the mult I chute and the 
reference coaxial nozzle. 

(Not to Scale) 
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Figure 2.16 The spark discharge circuit 






To fife the spark, special vacuum switches were used to prevent 
current surges back through the power supply. It was found essential to 
"float" the capacitor from all ground circuits as the discharge currents 
(-2^000 amp) Induced local ground potential shifts^ with resultant digital 
equipment malfunctions. 


2.2 TEST PLAN 

The flow conditions for which the daisy lobe nozzle and the reference 
conical nozzle were tested are given in Table 2.2. Thus basically the two 
single stream nozzles were tested for the no flow case, three subsonic and one 
supersonic Mach numbers, three tunnel Mach numbers and two temperatures. 

conditions at which the multi-chute nozzle and the reference 
coaxial nozzle were tested are given in Table 2.3, 


Table 2,2 Test conditions for the diasy lobe and the 
reference conical nozzle. 


Reservo 1 r 
Temperature 
(T,) 

Fully Expanded 
Jet Mach No. 
(Mj) 

Pressure 

Ratio 

Pr/Pq 

Tunnel 
Mach number 

(M-p) 

Ambient 

0.0 

1.0000 

0.0, 0.08, 0.16, 0.24 

Ambient 

0.4 

1.1 :66 

0.0, 0.08, 0.16, 0.24 

Ambient 

0.6 

1.2755 

0.0, 0.08, 0.16, 0.24 

Ambient 

0.8 

1.5244 

0.0, 0.08, 0.16, 0.24 

Ambient 

1.2 

2.4248 

0.0, 0.16, 0.24 

600 K 

0.8 

1.5244 

0.0, 0.08, 0.16, 0.24 

6ook 

1.2 

2.4248 

0.0, 0.16, 0.24 


Table 2,3 Test conditions for the mu1ti*chute nozzle 


and the reference coaxial nozz I e • 


Primary Jet (Core) 

Se-ondary Jet (Fan) 

Reserve! r 

Fully Expanded 

Pressure 

Reservoi r 

Fully Expanded 

Pressure 

Temperature 

Jet Mach No. 

Ratio 

Temperature 

Jet Mach No. 

Ratio 


(Mj^) 

Pr,/Po 


(Njj) 

(Pr/Po> 

Ambient 

0.0 

1.0000 

Ambient 

0.0 

KOOOO 

Ambient 

0.0 

1.0000 

Ambient 

1.2 

2.4248 

Ambient 

0.4 

1.1166 

Ambient 

0.6 

1.2755 

Ambient 

0.8 

1.5244 

Ambient 

0.9 

1.6912 

Ambient 

0.8 

1.5244 

Ambient 

1.2 

2.4248 

Ambient 

0.8 

1.5244 

600K 

0.9 

1.6912 

Ambient 

0.8 

1.5244 

900K 

0.9 

1.6912 

Ambient 

0.8 

1.5244 

600K 

1.2 

2.4248 

450K 

0.8 

1.5244 

600K 

0.9 

1.6912 

6'/5K 

0.8 

1.5244 

900 K 

0.9 

1.6912 
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2.3 


DAtA ACQUISITION AND ANALYSIS 


2.3.1 Facility Instrumentation 

the In-duct signals were measured by a Hodel 202 Series Piezotron 
pressure transducer made by Sundstrand Data Control. Inc. This transducer 
has a rugged stainless steel mounting with provision For water cooling. The 
transducer used for the daisy lobe nozzle and the reference Conical nozzle was 
located 6 m downstream of the spark source and 76.2 cm upstream of the nozzle 
exit plane. Similarly the transducer for the multi-chute nozzle and the ref- 
erence coaxial nozzle was mounted 28 cm down stream of the spark source and 
46 cm upstream of the suppressor nozzle exit plane. The transducers in each 
facility were mounted tn an electrically isolated bushing made from machin- 
able ceramic to avoid ground- induced voltage spikes from the spark discharge 
electromagnetic radiation. 

Far-field signals were measured on a polar arc of 3.05 m radius with 
0.635 cm diameter BSK microphones (Type 6&K 4135) in conjunction with B&K 
cathode followers (B&K 2619). Measurements in the far-field were made bet- 
ween 0^ and 120° at Intervals of 10°. 

The baste test procedure consisted of firing the spark at the* desired 
operating flow conditions and simultaneously recording the signals, both in- 
duct and the far-field, oh a 28-Channel tape recorder. Subsequent analysis 
of each pulse was achieved conveniently on a dual-channel transfer function 
analyzer, while maintaining accurate time interrelationship between the 
impulse signals. The system schematic is shown in Figure 2.17. 

2.3.2 Transient Capture and Editing 

Using the transient capture capability of Spectral Dynamics SD360 
digital FFT signal analyzer, the In-duct and the far-field signals were first 
captured on channels A and B. The anal, ^er has the ability not only of cap- 
turing the time histories, but also of data editing and relative time trans- 
lation (rotation). With the exception of the highest Mach number (i.e. 1.2) 
where jet noise levels are quite high, the far-field pulse was easily detect- 
able. The in-duct pulse, however, was always strong. Having located the 
in-duct pulse and the corresponding far-field pulse, all components of the 
two time histories except these two pulses were edited out. An example of 
this procedure Is shown in Figure 2.18. The two pulses were then Fourier 
transformed to produce their respective power spectra. The ratio of far- 
field to In-duct power spectra was then used to compute transfer function 
as discussed in section 2.3.4. This procedure was repeated for each measure- 
ment angle. 

The above transfer functions were obtained up to a frequency of 100 
KHz. Since atmospheric absorption becomes important at these frequencies, 
appropriate corrections were made to the far-field data in accordance with 
the data of reference 2.12. 
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Figure 2.17 Instrumentation layout. 






ACOUSTIC PRESSURE 
(ARBITRARY SCALE) 





2.3>3 Calibrations of Far**fleld Microphones with 
Respect to the In-Duct Transducer 

In order to obtain a true measure of the transfer function D/A* It 
was essential to account for the frequency responses of each microphone and 
the in-duct transducer. This was accomplished by mounting the transducer 
next to a given microphone as shown In Figure 2.19 and measuring the noise 
of a pulse generated by a spark source mounted at a location directly In 
front of the transducer and the microphone. The spark source produced a 
pulse with high spectral energy up to a frequency of 100 KHz. Since the 
signals captured by the microphone and the transducer were the same* a trans- 
fer function between the two was the calibration of one with respect to the 
other. Using the tn-duct transducer as the reference* the calibration of each 
microphone was thus obtained and Incorporated as a frequency response cor- 
rection. A typical frequency response is shown in Figure 2.20* 

2.3.4 Presentation of Transmission Data 


Three basic parameters of interest were calculated from the measure- 
ments made in the far-field and Inside the duct. These were the Reflection 
Coefficient (d), the Nozzle Transfer Function (NTF) and the Power transfer 
Function (PTP) respectively. Various reasons for using the above parameters 
are described In detail in reference 2.8. Expressions for these parameters 
as used in the present report are given below: 

REFLECTION COEFFICIENT (a). The duct termination reflection coeffi- 
cient is defined to be the ratio of the squares of the reflected and the inci- 
dent wave pressure amplitudes as measured by the In-duct transducer. 

Thus, 0 in dB ■ 10 Log^^ (p^/p|2). ( 2 .i) 

In the present case the above ratio was obtained by taking the dif- 
ference between the power spectra of the reflected and the incident signals. 

NOZZLE TRANSFER FUNCTION (NTF) OR NOZZLE TRANSMISSION COEFFICIENT (NTC). 
NTF (also referred as NTC) In essence relates the measured sound pressures at 
any fixed polar angle to that produced in the free field by a point source of 
power equal to that of the incident pulse. The derivation of the expression 
for the NTC In terms of the measured quantities Is given below: 

P| Is the mean square of the Incident pressure at the In-duct 
transducer location* then the in-duct intensity will be given by: 

0 ° ( 2 - 2 > 


where Mg Is the flow Mach number 
duct impedance. 


In the duct and PgCp |s characteristic 


in- 
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Figure 2.20 Typical frequency response calibrations between the in-duct 

transducer and the microphone used in the far field. (Af ® 200 Hz) 


(2.3) 


Pj^ ( I + M(j)2 

Therefore the total In-duct Incident power W, “ ————— A- 

* 0 - c 

^0 D 

where « duct area at the measured location. 

If we assume that a point source of power equal to W. Is now rad- 
iating Ip the far-fleld from the nozzle exit the Intensity at the measure- 
ment location at a distance from the nozzle exit due to this source will 
be 

lp = W,AirRrt,2 (2,1*) 

Nozzle Transmission Coefficient Is simply the ratio of the measured 

Intensity lr(0) and 1 can be expressed In the following form: 
f p 


(NTC)dB 



where, 



(2.5) 


p*^ (0) • mean square pressure In the far-fleld at angle 0 at a distance 
^ from the nozzle exit. 


pQ« static pressure in the duct 
pQ = ambient pressure 
Tq = static temperature in the duct 
Tq = ambient temperature 

The details of the NTC calculation from the measured data are shown in 
appehdix B. 

It should be noted that the data was analyzed at a bandwidth of 200Hz 
but has been converted Into 1/3"6ctave values as described in appendix B. 

The data Is presented up to 63 KHz. 

Of course as described In detail In reference 2.8 the following 
three basic characteristics are Implicit In this definition: 

(1) A single-point In-duct measurement Is representative of the 
average mean square pressure over the duct cross-section. 

(2) The far-fleld mean square pressure Is azimuthal ly axisymmetric. 

(3) Below the first higher-mode cut-on frequency the Incident 
plane mode will be transmitted as plane-mode radiation to the far-fleld. 
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Above this fi^equency, higher inodes will be reflected from the nozzle and will 
also contribute to the far-fleld pressures even though the Incident wave may 
be plane. Thus, nozzle reflection and transmission coefficients cannot 
ngopouely be ascribed to any one mode or combination of in^duct modes. In 
this work, however. It is tacitly assumed that the dominant mode component 
reflected Inside the duct and transmitted out of the duct Is a plane wave. 

POWp TRANSFER PUNCT I ON (^TF). Power Transfer Function (PTF) Is the 
rstlo of the far-held acoustic power (W,) and that transmitted through the 
duct. The acoustic power (W ) transmitted through the duct was corrected 
according to Blokhlntsev (RSf. 2.13) to eliminate the Influence of the flow 
velocity In the duct by using the following expression 




[p,2 (HMp)2 - p^2 


( 2 . 6 ) 


The radiated sound power (W^) in the far-fleld was determined by 



(2.7) 


where ds Is the elemental strip shown In Figure 2.21. The far-fleld acoustic 
intensity can be expressed as 


If* 



( 2 . 8 ) 


where Pq^o Is the ambient acoustic impedance. Since only a finite number of 
far-fleld measurements were possible, It Is assumed that the far-fleld In- 
tensity In the angular strip between angles 6 + (A0/2) remains constant and 
equal to that measured at polar angle 0. Here A0 Is the interval between 
successive measurement locations and was equal to 10® In the present work. 
Thus, the Integral for Wf can be approximated by a finite sum and Is given 
by; 


“f ■ 5^ «-3> 

where p^*’ over the elemental surface area AS| has been assumed to be a 
constant. Typical elemental surface areas can be written as 

^®l “ sIn(IA0) 5ln(A0/2) 0 < IA0 < it. (2.10) 

At IA9 « 0> IT 

2 

^®o “ " 2 ttR^ [1 - cos(A0/2)]. (2.11) 

Owing to the refraction effects on the sound waves by the jet stream, the 
directional pattern of the measurements In presence of flow shows dips In 
sound pressure levels close to the jet axis, in addition, If A0 Is small. 
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the contribution to acoustic power by ASq Is Insignificant. Also« accurate 
measurements at 0=0® In the presence of flow were difficult to make. There- 
fore, except for zero flow velocity, the contribution due to 9=0* In the 
far-fleld acoustic power calculations has been Ignored. Similarly, since 
no measurements were available beyond 6 = 120®, the calculations stop at 
125® [=120® + (A6/2)]. The exclusion of energy for those angles beyond 120® 

Is expected to have Mttle effect at high frequencies (whioh dominate in 
the z^ap apo) but may have pronounced effect for low frequencies at which 
the directivity Is almost omnidirectional. In such a case the calculated 
acoustic powers will be about 3 dB lower than the true values. 


The power transfer function In dB with respect to transmitted power 
is given by: 


PTFt 


10 Lo9,o ^ 


( 2 . 12 ) 


To be consistent with the NTF where the normalizing parameter is the 
incident sound wave amplitude, far-field acoustic power was also normalized 
with respect to Incident power and Is given by 

W 

PTF, - 10 Log^Q (2.13) 


where 


Ppcp 


[p,"" d+Mp)2] 


(2.1i») 


For data obtained under flight simulation, the measured far-field 
sound pressure levels were converted to those under ideal wind tunnel con 
ditions where the shear layer between the noise source and the microphone 
is not present. Shear layer correction procedure developed at Lockheed 
and described in reference 2.2 was used. 


3. TRANSMISSION RESULTS FOR MULTI-LOBE MULTI-TUBE SUPPRESSOR 


Characteristics of Internal noise radiation from the 12*lobe 24<’tube 
suppressor nozzle tested statically and under flight simulation for both 
unheated and heated Jets are presented here. Effect of jet-Maah number* on the 
in-duct and far-fleld time histories, reflection coefficients, nozzle trans- 
mission coefficients and power transfer functions are first described in 
section 5.1. Results showing the effects of heating (section 3.2) and flight 
eimutation (section 3«3) on the same transmission parameters are then des- 
cribed. A summary of the studied effects is given at the end of each section 
and the general conclusions are presented In section 3.4. 

3.1 MACH NUMBHR EFFECTS 

Experimental results showing the effects of jet Mach number on the 
transmission characteristics of the daisy lobe suppressor are presented in 
this section. This Is done by first presenting both the in-duct and the 
far-field time histories as a function of the jet Mach number. Frequency 
spectra for the reflection coefficient amplitudes and also for the Nozzle 
Transmission Coefficients (NTC) are then presented in subsections 3.1.2 
and 3*1*3. This Is followed by a comparison of the transmitted acoustic 
power with that measured In the far-field. A summary of the Mach number 
effects is presented in subsection 3.I.5. 

3.1.1 In-Duct Time Histories 

WHAT DOES AN IN-DUCT TIME HISTORY LOOK LIKE? In order to obtain a 
better insight into the acoustic behavior inside the duct with the suppressor 
nozzle as a termination, a short discussion on the In-duct time history when 
the suppressor Is not present is given first. Figure 3.1(a) gives an ex- 
ample of the time history,with no flow, measured by the in-duct transducer 
located in the 10.16 cm diameter straight duct (unflanged) on to which the 
suppressor nozzle or the reference conical nozzle will be mounted later. The 
time history clearly shows the incident wave and Its reflection from the open 
end of the duct. This deflected wave is 180*^ out of phase with respect to 
the Incident wave. Had the open end been blocked off with a hard termi- 
nation the reflection would have been In phase with the incident signal, a 
phenomenon well known In underwater acoustics and gas dynamics. 

Figure 3>1(b) shows the history when the daisy lobe nozzle Is attached 
to the supply duct. Besides the Incident signal, two more pulses are seen, 
the first, being In phase with the Incident, is the reflection from the 
solid parts (hard termination) on to which the lobes and the tubes of the 
suppressor are attached. The second ref lection, 1 80*^ out of phase with the 
incident signal, Is the reflection from the flow areas (soft termination) of 
the suppressor nozzle, namely the exits of the 12-lobes and the 24-tubes. 

The time histories shown In the above two Figures (3.1(a) and 3.1(b)) 
are for a no flow condition. The reflection from the solid part Is typical of 
that from the shoulders of convergent nozzles and takes place before the exit 
reflection. This Is illustrated In Figure 3.1(c) where a typical time history 
with the daisy lobe nozzle replaced by the reference conical nozzle is shown. 

txl'CnDINO FACE BL’ANK NOT FiCMEd 
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/L\ ?! IM-DUCT REFLECTIO H WITH MACH NUMBER. Figure 3.2(a) and 

t show_the effect of jet Mach number (Mj» 0.2 and M.= 0.3) on the relative 
for^th 1 ^® ["cldent and the reflected components of the In-duct signal 

t •■ef'ectlon from the open end 

decreases with Increasing Mach number. A dramatic change In the time hls- 
torles Is noticed as the Jet Mach number Is Increased beyond O.^i. This Is 
sh^n In Figure 3.3 for fully-expanded Mach numbers (Mj) of 0.4, 0 6 0 8 

end of reflecilorfr^I't?; ope^ ‘ 

end but that from the hard (or solid) part of the nozzle termination In- 

Is that if there was considerable 

-eferen^ri-fcSrliSfir' ™ 

ni«f^ Figures 3*2-3. 4 can be better seen when 

? of reflection factors as shown i Figure 3.$. Data for 

. 0 cm reference round nozzle are also shown. If, i. • the peak sound 
pressure amplitudes In the time histories, we use symbols A for the Incident 
waves, for the reflection from the hard part of the nozzle exit and H* f«r 

are^ then w^Sn In^oduce ^ 
to provide a measure of the reflection from 
:Z "Vu T* termination, respectively. A comoarl- 

suppressor nozzle and the reference conical Sozzle 
^Jlrnal Suppressor nozzle may be a less efficient radiator of 

nternal noise compared to the round nozzle. Both of these reflection factor* 

of f“"f hxPanderj.t M«h icLrSi: 

the^amon!®d’ 5 r^®^ follow the Same trend, that is, beyond Ms =» 0 4 

fiL. ?h! reflection from the open end is negligible and ihat ^ 

M T parts of the nozzle termination keeps Inci-easlng with Jet 

Mach number (I.e. with duct Mach number). mr. easing with Jet 

In order to understand how the reflection factors behave In the 

Ir dSlnL*^?"*® " rf ® runlet, the reflection coefficients 

I e the Qoft u'^j^ obtained. Both components of reflection, 

-:*d«':r?b:5 

3.1.2 Reflection Coefficients 

conical bo3z Id (ojis also' 1 w"?l^osc?L‘?Mrf?^;s!?^eS'rnI°^ 5 '’lre 

foo'-O' ond 3.8. whire reflet 

of the duct hath nuobeJ^lrEhe'” 
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Figure 3-3 In-duct time histories for the daisy lobe nozzle at various jet Mach numbers 
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Figure 3.7 Effect of duct Mach number on the reflection coefficients 
of the daisy lobe nozzle and the reference conical nozzle 
at various l/3“Octave frequencies, 
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Both oni an<« Oc at f - kOO, 630, 800, tOOO, 1250 ahd 600 Hz are 
plotted afjalns? LogioWo) for both the nozzles. Results follow a very con- 
sistent trend with change In frequency and the duct Mach number Mg. After 
careful examination of Figures 3.6, 3.7 and 3.8 the following observations, 
particularly for the plane wave regime, can be made about the reflection 
coefficients: 

(1 ) Variation with duct Mach number (Mu) . As the jet Mach number 
(and so the duct 'Hach number)' Is Increased, tKe reflection coefficients for 
the conical nozzle decrease while those for the daisy lobe suppressor nozzle 
Increase at all frequencies. At supersonic jet Mach numbers, ogL appears 

to approach OdB (linear value 1). 

(2) Variation with frequency. The trends In variation of a with 
frequency are exactly opposite ^orti7e two nozzles. This Is shown in 
Figure 3.8. The daisy lobe reflection coefficients Increase with freq^ncy 
while those for the conical nozzle decrease with frequency at almost all 
Mach numbers. 

(3) Reflection Coefficient (^c) higher than 0 dB at low frequency 

and hloh Mach numbers for the conical nozzle . At high jet Mach numbers (e.g. 
see Figures 6(c) and and low frequencies the reflection coefficients 

appear to be higher than unity for the conical nozzle. 

The behavior of ogt Is difficult to explain without considerable 
theoretical and further experimental work. This Is certainly related to 
the complicated geometry and the flow conditions encountered by the incident 
wave In travelling from upstream to the multl-jet exits and back. For example, 
the daisy lobe has a sharp shoulder with convergence angle of 50 (see Fig. 
2.6). The tubes and the daisy lobes are attached to this shoulder, the 
inlets of which do not all lie In the same plane. Jbe tubes are straight 
while the lobes are convergent and have different widths at different radial 
locations. The exits of all tubes He In the same plane (which Is also 
normal to the nozzle axis) while those for the lobes He In a conic 2.6;. 

This also means that for a given axial location the flow Mach number? will be 
different at various radial positions. 


Undoubtedly, the reflection will depend upon all these features. The 
current understanding on the effect of the simple conical nozzle Itself on duct 
acoustics Is far from well developed let alone a complicated nozzle like the 
daisy lobe nozzle. It Is therefore not attempted to explain the daisy lobe 
reflection coefficients In detail. The results described here will, b^ver, 
be borne In mind to correlate and understand the far-fleld data, described 

later. 


3 . 1.3 Far-Fleld Time Histories 

Typical far-fleld time histories for the daisy lobe nozzle and the ref 
erence conical nozzle are shown In Figures 3.9 and 3.10 respectively. Data 
for zero, subsonic (Mj = 0.6) and supersonic (Mj » 1.2) jet Mach numbers 
are shown at 0 - 30®, 60®, 90®and 120®. The time histories shown here have 
fixed time scale but have arbitrary amplitude scale. The main purpose of 
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Figure 3.10 Far-field time histories for the reference conical nozzle as a function 
of jet Mach number and measurement angle. 









these figures, however, Is to examine the narrowing or widening of the pulses 
as a function of angle and Jet Mach number. 


In fact, there are only minor differences In the far-fleld signals 
for the two nozzles. For zero flow, both nozzles display narrower pulses at 
small angles compared to the large angles Indicating more high frequency 
radiation at small angles. As the jet Mach number Is Increased, effect of 
refraction becomes obvious In that the pulse at small angles |e.g., 9“30 J 
becomes wider Indicating depletion of high frequency sound which apparently has 
been refracted to larger angles as seen by the narrowing of the pulse at 
larger angles (e.g. 60°). This effect becomes stronger as the Jet Mach 
number Is Increased from Mj “ 0.6 to 1.2. 


Other notable differences are the number of peaks In the time histories 
for the two nozzles. The daisy lobe time histories at large angles (0 - 90 , 
120®) show dual peaks in the far-field time histories while those for the 
conical nozzle do not. These peaks are about O.lmS apart. This could be 
due to the difference In path lengths travelled by the radiation through the 
tubes, and that through the lobes whose exits are not coplaner with those of 
the tubes (the lobes have a slope of 15®). The path difference will become 
larger at angles close to 90°. 

The pulses for larger angles at Mj = 1.2 show considerable contami- 
nation by the jet mixing and shock associated noise. Such data points were 
not analyzed further. 

MTC data obtained from these time histories will now be presented 


3.1.4 One Third Octave NTC 

TYPICAL NTC SPECTRA. Typical 1/3 octave NTC spectra for the daisy 
lobe nozzle at 6 = 30®."5b°, 90° and 120°forMj - 0, 0.4, 0.6 and 1.2 are 
presented in Figure 3.11(a), (b) , (c) and (d) respectively. These figures 
show that at zero flow condition the radiation Is predominantly towards 
the jet axis for both the low as well as the high frequencies. Effect of 
flow Is to widen the difference between the radiation at small angles 
and that at larger angles with the Jet axis. 


As noticed earlier In the far-field time histories, the effect of 
refraction at high frequencies Is noticeable here also as the Jet Mach 
number is increased. This Is reflected as a high frequency decrease at 
0 = 30® and a corresponding Increase at 0 ® 60®* These refraction effects 
are best described by examining the radiation directivities at various 
frequencies and jet Mach numbers as shown In Figure 3.12. Directivities 
for Ml = 0, 0.4 and 0.8 are plotted for four frequencies, namely 4KHz, 

8KHz, 16KHz and 31.5KHz In this figure. These resul*^ show quite clearly 
that as the Jet Mach number is Increased the refraction effect becomes 
more important. This is indicated by the fact that the NTC values at 
small angles to the Jet axis decrease with increasing Mach number and more so 
at high frequencies. A shift In the peak In directivity with increasing 
Mach number is also quite obvious. For example the peak radiation at f«=BKHz 
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EMISSION ANGLE - DEGREES 

Figure 3.12 Effect of Jet Mach number on the 1/3 octave 
NTC directivities 

f (KHz): (a) k KHz, (b) 8 KHz, (c) l8 KHz 

Legend for Mj: o , 0.0; a , 0.4 and ❖ 0.8 





Is at e - 10® for Ml ■ 0, at 6 - 40® for Mj - 0.4 and at 0 ■ 50® for Mj 
■ 0.8 (see Figure 3.12(b)). 

How do the radiation characteristics of the daisy lobe nozzle differ 
from those of the reference conical nozzle? Can the fact that the reflection 
coefficients for the two nozzles were different be accounted for In the 
far-field measurements? Results to address some of these questions will 
now be presented. 

COHPARISOH WITH THF REFERENCE CONICAL N0Z2LE. A comparison of the 
1/3-octave NTC spectra for the two nozzles at 0 ■ 30® « 60®, 90® and 1 10® Is 
made for Mj - 0, 0.4 and 1.2 in Figures 3.13, 3.14 and 3-15. It Is Inter- 
esting that for Mj ■ 0 and 0.4 the NTC values over almost the whole frequency 
range have the same shape. Other data at subsonic Jet Mach numbers (not 
shown here) had the same trend also. The same was true of the directivities 
as shown In Figure 3*16 for Mj ■ 0 and In Figure 3-17 for Mj = 0.4 where the 
NTC directivities at 1, 4, 8 and l6KHz are compared for the two nozzles. 

With a few exceptions (e.g. Figures 3.16(d) and 3.17(c)) even the NTC direct- 
ivities for the two nozzles have the same shapes and nearly the same levels 
at Zero flow and subsonic Jet Mach numbers. This behavlc- is surprising In 
that the geometry of the two nozzles is so different but Is encouraging In 
that it indicates that the equivalent diameter could be used In normalizing 
the frequency scale for a complicated nozzle {Jboth nozzles hxve the earn 
equivalent dicamtev of 8.^0 am). 

This "area equivalence" has also been verified by Imelmann [3.1] who 
tested different nozzle shapes as well as perforated pUites and apertures 
and more recently by Salikuddin and Plumblee [3.2] . Bechert l 3.3] also 
derived an equation to show that only the nozzle exit area determines the 
shape of the radiation spectra. 

The far-fleid data at subsonic jet Mach numbers, In general, does not 
tie-ln with the in-duct reflection coefficient data (see Figures 3-5 - 3.8). 
Based upon the reflection coefficient data It was expected that little 
radiation would be observed in the far-fleld for the daisy lobe nozzle. It 
was, however, not found to be so for subsonic Mach numbers as shown by a 
remarkable collapse of the NTC data of the two nozzles In Figures 3.13 and 
3.14. At supercritical conditions (Figure 3* 15), however, there was some 
correlation between the far-fleld data and the reflection coefficient data. 
This effect Is demonstrated In the 1/3-octave NTC directivities for the two 
nozzles also (Figures 3.16 - 3.18). 

Because of Inadequate signal to noise ratio at many angles for the 
conical nozzle, only limited data at Mj * 1.2 Is plotted (Figure 3.18). 
Nevertheless, the results show that* for this Mach number, the daisy lobe 
nozzle radiates less efficiently but only at small angles to the jet axis. 

Of course, a more accurate »i3y to determine which of the two nozzles 
radiates more efficiently Is to compare the far-fleld acoustic powers rad- 
iated by each nozzle for the same Incident power. Such a comparison Is 
discussed in the next subsection. 
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= 0*^ (unheated) 






3.1.5 Acoustic Power 

Figures 3.19 (a), (b) and (c) show a comparison of the far-fleld 
acoustic power spectra normalized with respect to the incident power spectra 
for the daisy lobe and the reference conical nozzle for Mj ■ 0, 0.4, 0,6 and 
0.8 respectively. For almost alt flow conditions the results show little 
difference In the radiated acoustic power levels for the two nozzles. Just 
like the NTC spectra and the directivities, the shapes of these power 
spectra are also almost identical for the two nozzles thus further confirming 
that equivalent diameter (or enulvalent radius) Is a good parameter to Incor- 
porate In frequency (e.g. as In kR) to compare the nozzles of different shapes. 

Other observations that cart be made from these far-fleld acoustic power 
plots are summarized below: 

(1) For low frequencies (I.e., f<4KHz; kRh<3.8; kR,i<2.3) the far- 
fleld a^ustlc power Is always less than the Incident powerT This behavior 
is consistent with what one would expect from theory. It is known from 
duct acoustics that at low frequencies, the open end of a tube has quite 
small resistance, so that very little energy Is radiated outside. "Open 
tubes having cross sectional perimeters much smaller than the sound wave 
length are nearly as good hoarders of energy as closed tubes, for only a 
small percentage of the stored energy can be radiated away" [ref. 3.4, 

p. 246]. For short wave lengths or high frequencies, the impedance Is al- 
most entirely resistive, approaching In value the characteristic acoustic 
resistance pc. As the frequency increases, more and more of the energy 
reaching the open end is radiated out. This Is Indeed what we see at each 
Mach number (Figure 3.19). 

(2) At each Mach number the low frequency radiated power follows 
a 6 dB/octave. I .e. Wr relationship. As shown In Figure 3.19, a mean 
Straight line with a slope of 6 dB per octave can be drawn through the 
low frequency data. This proportionality of far-fleld power (Wf) with 

can be explained following the arguments given by LIghthlll [3.5]. Accord- 
ing to LIghthlll, for the plane waves propagating In the x direction along 
a tube of uniform cross section area A, we can assun« simple proportion- 
ality between excess pressure and the component of fluid velocity In the 
direction of propagation given by 

P ‘ Po " *’o cu 

Thus If the plane waves are generated at x“o by a fluctuating noise out- 
flow 

q(t) = APo(u)^^^»A c"’ (p-Po>x„o (3.2) 

The excess pressure for x>o takes the form 

p - Pq » cA ^ q (t-x/c) (3.3)' 
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The above expression Is true for one dimensional propagation. If we 
SSSn [3??rlo%'e propagation the excess pressure can br 


P ' Po " ^ - R/c) /4irR 


(3.4) 


”«re It Is assumed that variations of mass outflow d(t) are spread 
over a region whose dimension Is small compared with c/« ^ 

® PPs»t»ve pulse of mass outflow generates a 
proportional positive pulse of pressure excess in one-dimenslonal orooa- 

different shape obtained by^d°ffe- 

hf!?n Jf’ree-dimenslonal propagation. (This Is consistent with the 
IsTalld 3?1I0)! measured In-duct and In the far-field, see PigurL 

(W.- far-fleld acoustic power 

.Tro"e.d7Ll'-' 'T 3-’«- pif« rropisM*. 

dln^ntlonal propagation outside the duct Is three- 

— ^fect of Jet Mach number on far-fleld acoustic c ower |s stronoer 

daisy lobe nozzle . "This U .hnu,n U ^ 
figures 3.21 (a) and 3.2i (p; where data for Mi - 0 0 4 0 6 0 ft an^i 

: Hr r.’;? nL?; (P?gS;e 3 2? (a)) 

ll JliLl-d frequency Incident energy 

far-fteld as the Jet Mach number is Increased with 
pposite effect at high frequencies. Acoustic powers for the daisy lobe 
nozzle (Figure 3.21 (b)), however, first decrease and then s?ar^l^crea^nd 
^ Jh Mach number. This behavior certainly does not corr^ate 

Ith the reflection coefficient data where with Increasing jet Mach number 
higher reflection coefficients were obtained for the daisy lobe nozzle thus 
Implying a reduction In far-fleld acoustic power with increasing Mach number. 

explanations are currently available for this behavior. It is worth 
for ex^?e by rrnh'amill^ts!^ ^ 

-ub 

wlth*the^''i <be reflected acoustic power from that associated 

on thu measured Inside the duct. A comparison of PTF,. 

Fwis 3 0-® 's made lli 

Mgures 3.22 (a), (b). (c) and (d) respectively. In fact PTF*. was found 

to be almost Indepe ndent of Mj at low frequencies (see Flgure^ 3 . 23 ) . 

* to high set noise letfele the plots for Mj = 1.2 exalude dniyj ni- ^ 
angles and actual mlues my be I to k dB highet than s^t^ 
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One-dlmens lonal 
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Figure 3.20 Sound pulses generated by a positive pulse of mass outflow 
(varying with time t like (t^ + x^)"^, where t is constant) 
in one-dimensional and three-dimensional propagation. The 
pulses (1 1 lust rated wl th arbitrary vertical scales) are 
proportional to the mass outflow and to its first derivative 
respectively. [Taker, from reference 3.5] • 













These results are quite interesting in that the iow frequency data dnce 
again shows a second power of frequency dependence. Instead of obtaining 
power balance a deor^ee In acoustic power is noticed at lot) freqmnoiea 
for ail Jet Mach numbers including Mj - 0, Of course, levels at low freq- 
uencies can be expected to be higher (by about 2.5 dB), since the far-fleld 
power has been calculated for the angular range of S*’ to 125° with the jet 
axis. This does not, however, account for the 20 to 25 dS missing near 
200 H2. 


Various possible sources of error were first looked into. They are 
summarized below but were unable to account for this loss. 

(1) Possible Er^'or in Reflection Coefficient . The following 
expression was utilized for the calculation of the transmitted powert 

Wt P|2 (1 -♦)(!+ Mo)^ <3.5) 

c 


where 



(3.6) 


In terms of decibels, If the value of 4* is very close to unity, then a 
small error in 4> can cause a considerable error in the calculations of the 
acoustic power in decibels. To illustrate this point, the variation of 
10 Logijo (1-4') and 10 l-Og.Q (4») as a function of (1-4') is shown In Figure 
3.24. These plots make It quite clear that for large values of 4» (i.e. 
Intensity reflection coefficient), approaching unity an error of IdB in 
10 Log 4' can cause an error of 7 dB or even higher depending upon how 
close the value of 4' is to unity. 

With the exception of Mj = 1.2 data and the first two low frequency 
points for the conical nozzle at Mj=>0.8 and 1.2, the value of 4' in the pre- 
sent study Is mostly less than 0.5. Since 4> is the product of the reflect- 
ion coefficient and a Mach number term which is always less than unity 
and decreases with Mg. 4' is reduced further and further with increasing Mq. 
Thus most data-points lie in the right half of Figure 3.24 (right of the dotted 
line shown in the figure). In this region an error of 1 db in 4' produces 
less th^jh 1 dB error in 10 Log^o (^'4') and thus in the power calculation. 

We believe that our reflection coefficients are correct within 1 dB as 
demonstrated In Phase 1 studies [3.7) by comp, ring the reflection coeffi- 
cients for straight unflanged ducts with Levine and Schwinger's theory 
[3.8] and also comparison of data from the impulse technique with similar data 
from the Impedance tube method. 

Error In the measurement of reflection coefficients was thus ruled 
out as a possible reason for the missing low frequency in the power balance 
plots. 
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(2) Possible nofi-Hnear propagation in the far-fleld . Since high 
Intensity pulses were used In the program It was first suspected that 
far>fle1d pulses might not be following an Inverse square law^as assumed^ 

In the far'fleld power calculations. Time histories were, therefore, 
measured at various distances from the exit of the straight duct. Measure- 
ments made at 6»0 , 20°, 60° and 90° as a function of distance showed that the 
Inverse square law was followed at all distances beyond about 3 diameters 
and the pulses had Identical shapes at each measurement point. Typical 
time histories for 0:3 60° are shown In Figure 3.25. These time histories 
have been adjusted for Inverse square law by adjusting the amplified gain 
setting and are found to be identical In shapes and amplitudes in the 
far-fleld. Possible non-linear propagation was thus also ruled out as a 
possible candidate to explain the low frequency power imbalance. 

Bechert [3.3, 3.9] recently reported the effect of nozzles on sound 
transmission to the far-field by injecting pure tones. With the exception 
of zero Mach number, his data with flow also shows considerable attenua- 
tion at low frequencies. The underlying physical mechanism behind this 
low frequency absorption, according to Bechert, Is the shedding of 
fluctuating vorticity at the nozzle exit. The sound absorption Is of the 
same kind as the fluid energy losses in a separated flow. 

If this explanation fits the present data with flow. It is difficult 
to explain the low frequency power Imbalance at the no flow condition. It is 
conceivable that the sound level at the exit at zero flow was strong 
enough to generate vortices (I.e. aoouetio etveaming) at the nozzle exit. 

It was found In this study that the loss at low frequency was 
identical at all Mach numbers Including Mj > 0. 

Further work is needed to properly understand the above behavior. 


3.1.6. Mach Number Effects - Summary 

The results for the daisy lobe nozzle and the conical nozzle tested 
statically and unheated can be summarized as follows: 

(1) The daisy lobe nozzle displays higher reflection coefficients 
than the conical nozzle. 

(2) For both nozzles, the effect of flow is to gradually reduce 

the reflection from the jet opening and increase the reflection from the solid 
parts (i.e. nozzle shoulder and parts on to which the lobes and the tubes 
are attached). At the under-expanded flow condition, all reflection appears 
to be from the solid parts. 

(3) The trends In variation of reflection coefficient with Frequency 
are exactly opposite for the two nozzles. The daisy lobe reflection coeffi- 
cient increases with frequency while that for the conical nozzle decreases 
with frequency almost at all Mach numbers. 
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(i») Reflection coefficients at very low frequencies for the conical 
nozzle are higher than unity for high Mach numbers. 

(5) At zero flow conditions# the radiation Is predominantly towards 
the jet axis. With flow the refraction effect becomes Important and the peaks 
In the directivities shift towards higher angles. 

(6) Deductions made about far—fleld radlatlonbased upon reflection 
coefficients do not necessarily hold. In fact both nozzles, despite com- 
bletely different geoinetryg end different reflection characteristics show 
remarkably similar far-fleld NTC directivity and RTF except at the highest 
jet Mach number (Mj = 1.2). At Mj=1.2 far-fleld levels are higher for 
the conical nozzle. 

(7) Exit area appears to determine the shape and levels of the far- 
fleld spectra instead of geometric details of the nozzle. 

(8) The far-fleld acoustic power at low frequencies follows a 6 dB/ 
octave law. 

(9) At low frequencies, the far-fleld acoustic power Is always less 
than the Incident power. 

(10) Jet Mach number has little effect on power transmission. 

(11) Power balance especially at low frequencies Is not 
obtained. No firm explanations are available to account for this 
missing low frequency. 


3.2 TEMPERATURE EFFECTS 

Results similar to those presented in section 3.1 for unheated jets 
will now be presented for the jets heated to 600K» For this condition the 
nozzles were operated at only two jet Mach numbers (fully-expanded) namely, 
Mj= 0.8 and 1.2. Due to very high jet exit velocities (and therefore high 
amplitude of jet-mIxIng noise), the data at Mj =1.2 , particularly for the 
conical nozzle, was valid only for a few angles. For comparison with the 
unheated jets, therefore, only the Mj “ 0.8 data will be discussed here. 

3.2.1 Time Histories 

The far-fleld time histories for the daisy lobe nozzle at Mj = 0.8 are 
shown In Figure 3.26 for both the unheated and the heated jet measured at 
0 = 30®, 60®, 90® and 120®. Corresponding data for the reference conical nozzle 
Is shown In Figure 3.27. Both of these figures Indicate that the time 
histories at 0 = 30® have become wider as a result of heating the jet. This 
Is a result of Increased refraction as can be seen by Inspecting the follow- 
ing equation relating the emerging angle Oq to the (Incident) angle 0j across 
a jet moving at a Mach number Mj (Ref. 3.10). 

cos ()j = l/(— 7. ■ flj) (3.7) 

I > 
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It Is clear from this equation that Increasing Nj and/or cj (I.e. Jet 
temperature) Increases the angle of refraction. These trends were found at 
Hj • 1.2 also, but Inadequate signal co noise ratios at this Kach number 
made It dlf^cult to isolate the pulse at many angles (see Figure 3.28). 

NtC spectra were obtained from the Fourier transforms of these far* 
field time histories and also of those measured In-duct. Since the In-duct 
time histories followed a trend similar to that discussed for the unheated 
Jets they are not discussed separately. Instead the reflection coefficients 
obtained from these time histories are presented. 

3.2.2 Reflection Coefficients 

Effect of heating on reflection coefficients for the daisy lobe nozzle 
at Mj « 0.8 and 1.2 Is shown in Figure 3«29. It Is seen that for the sub- 
sonic Jet Mach number, heating reduces the reflection coeff icien<:$ in most 
of the plane wave region, while at Mj » 1.2, heating increases Che reflection 
coefficient considerably above unity at low frequencies and decreases it at 
higher frequencies (still within the plane wave region^ f<2KHz) . 

Since, as pointed out earlier, even the unheated results on reflection 
coefficients can not be explained without further work (primarily theoretical), 
no attempts will be made to expalin the reflection coefficients for the heated 
data. Besides, only one heated condition was available, hardly enough to 
generalize the conclusions. It is certain, however, that heating the Jet 
to Book affects the low frequency reflection coefficients considerably. As 
for the daisy lobe nozzle, the conical nozzle reflection coefficients also 
decrease at low frequencies as a result of heating. This is shown in Figure 
3.30 for Mj s 0.8. The effect of heating on reflection coefficients of the 
conical nozzle is not as drastic as it was for the daisy lobe nozzle. 

Nozzle transfer coefficients and power transfer functions for the 
heated Jets and their relationsh ps with these reflection coefficients will 
now be discussed. 

3 . 2.3 One Third-Octave NTC 

SPECTRA AND DIRECTIVITIES. Effect of heating on 1 /3-octave NTC 
spectra at 6 » 30^, 60° and 90° is shown in Figure 3*31. It is found that 
the effect of heating is to reduce the NTC value at very low frequencies 
(f^AOOKz). At higher frequencies, effect of heating is to increase the NTC 
values especially at angles close to 6 a 60°. It is believed that this is 
because of refraction effects. This effect is best illustrated by comparing 
the directivities of NTC for the unheated and the heated condition, as 
shown in Figure 3>32 for frequencies of 1, 8 and 16 KHz. Here the un- 

heated-Jet data for angles smaller than 20° were found to have some instru- 
mentation problem (as discovered at a later stage), and is, therefore, not 
plotted. There Is an indication, however, that the refraction effects at 
small angles tend to reduce the far-fleld radiation and Increase It at larger 
angles. That this is a result of refraction is further confirmed by the 
acoustic power results shown later where it is shown that, except for the 
very low frequencies, there is little difference between the acoustic power 
transfer functions for the heated and the unheated jets. 
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Figure 3.29 Effect on heating the jet on reflection coefficient 
spectra for the daisy lobe nozzle at (a) Mj = 0,8 and 
(b) Mj = 1 . 2 
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Heating effects on 1/3 octave NTC 
lobe nozzle, operated at Mj = 0.8 
0: (a) 30°, (b) 60° and (c) 90° 
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COMPARISON WITH REFERENCE CONICAL WOZZU._ Typical NTC spectra at 
u -0 8 and ta-fiOOK for both the daisy lobe nozzle and the conical nozzle 
aU ^pfred fn Figure 3.33 at 8-30% 60<> and 90% Clearly with the ex- 
ceptlon of some low frequency data, there Is a general tendency for t e 
daisy lobe nozzle to have lower NTC amplitudes. Similar results were ob- 
Uln^d at otSer angles as seen In figure 3.3j where the NTC J^rectl vl t es 
at Hi- 0.8 and T 0 - 6 OOK for both the daisy lobe nozzle and the conical 
“izl. ,rl 2«.pa«<l for four fr«,owcle.. I.e.. I. 
results show that the conical nozzle radiates more efficiently than the 
daisy lobe nozzle at almost all angles and 

This effect was not so obvious for the unheated conditions. No clear cut 
explanation Is available for this behavior, 

3.2.*i Acoustic Power 

A comparison of the radiation performance of the two nozzles Is best 
assessed by comparing the radiated far-fleld acoustic p^ers for a given 
Incident pwer. This Is Shown In Figure 3.35. J -0 8 

from the two nozzles normalized with respect to the Incident power at 
InTTR-eoSS Is compared. The sha^s of these PTF, spectra J--?. 

with So change at low frequencies (up to a ^''eq^»’‘=y no^le 

after the conical nozzle is 5 to 8 dB noisier than the daisy lobe nozzle. 

The l/3*octave spectra of the power transmission function with respect to 
the iandehi P^r for the da.ty lobe ~tzje o^reted at "d - 
for the unheated and the heated condition In Figure 3.36. The general shapes 
of the spectra at both conditions are the same with 2 to 3 dB reduction at 
lL frequencies (f<12.5KHz) and 4 to 5 dB Increase 

(f>12.5KHz). The same far-field acoustic power when plotted with respect 
to the^transmltted power does not show as much difference except for very 
low frequencies (f<500Hz) where the heated jet transmits much less power 
than the unheated jet. This Is shown In Figure 3.37. 

As observed for the heated jets, a low frequency absorption is 
notlf-ed for the heated jets also but instead of following an u relationship 
the PTF follows a w** relationship. Further comments on this will be reserved 
until similar data with flight simulation has been examined (see section 

3.3.4). 

3 . 2.5 Temperature Effects - Summary 

Effect of heating on the time histories, reflection Coefficients, NTC 
spectra and PTF spectra have been described for both the daisy lobe suppress- 
or nozzle and the reference conical nozzle. Data for 

ambient conditions and Tg-SOOKwere acquired but due to the dominance of 
jet mixing noise and shock noise, particularly for the conical nozzle, only 
Mj-0.8 data has been discussed. Effects of heating can be summarized as 

fol lows: 

(1) Effect of heating on time histories is to widen them at small 
angles (to the jet axis) and contract them around 9 = 60 . 
due to refraction and shows up In NTC directivities as reduced levels at 
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small angles and Increased levels at larger angles. 

I noztiei radiate more efficiently than the daisy lobe 

Jets are heated. This effect Is more Important at small 
angles to the jet axis. 

power, the daisy lobe nozzle, when heated, 

12 SkhI* 1*®® nozzle at frequencies lower than 

1Z.5KHZ. At higher frequencies the daisy lobe nozzle radiates i| to $ dB 
higher than the conical nozzle. 

i!l- conservation results for the heated data are similar to 

5*^® ^«ated Jets. Considerable power loss at low frequencies is 

w ® ‘‘*® “"heated Jets for f<500Hz. Here the 

PTF follows a fourth powar of the frequency dependence . 

(5) As for the unheated Jets no clear cut answers are available to 
explain many of these results. 


3.3 FLIGHT EFFECTS 

Results similar to those presented in sections 3.1 and 3.2 for the 
‘ ?"® he presented for both nozzles operated under 

flight simu atlon. All data presented here are corrected to ideal wind 

delellfd^^I i °”Jh ‘'I'"? correct Ion program 

developed at Lockheed (ref. 3.10). It should be noted that whenever 

reference Is made to an angle It Is the emission angle and not the measured 

f* .k* assumed, In these calculations, that the source was located 

at the center of the nozzle exit. 

3.3.1 Time Histories 

ulatlorh^H*'lh$S'^!®®’ ["-duct and far-fleld, measured under flight sim- 
ulation had shapes very similar to those measured statically, but had certain 
quantitative dl ferences. For example, the In-duct time hls^or?L for jhj 

are ® (unheated) at various tunnel velocitlej 

!k f* 9 ure 3.38. An Important observation to be made here Is that a' 

InA Ik ^ ® "®'‘®®®®‘* ‘he relative peak levels between the incident 

and the reflected slgn:sls change. Similar results were obtained for the con- 
icai noz 2 i 6 * 

”®''® ''®'^ similar to those observed for the 
stat c case. Since to study flight effects one Is really Interested In the 
Ideal wind tunnel data, which In this case is obtained by applying angle, 
amplitude and distance corrections to the measured free-Jet data, there Is 
not much one can gain from the far-fleld time histories unless free- let 

S'?® ®'’® ‘^^® shall, therefore, pro- 

‘he NTC spectra obtained from the IWT data. Some reflection 
coefficient data wll!, however, be p«" ented first. 


87 


Mgure 3.38 


ZltV f '■■"-J't "ach lumber ei, bars, 

noarle In-duct time histories (unheejel 



3.3.2 Reflection Coefficients 

The reflection coefficients as a function of frequency for the time 
histories presented In Figure 3*38 are shown In Figure 3*39. Reflection 
coefficient spectra for Mj*1.2 (ur.heated) are also shown. It Is clear from 
these figures that flight velocity has a consistent trend of either Increa- 
sing or decreasing the reflection coefficients, depending upon the frequen- 
cies (I.e. low or high etc), as shown by arrows In the figures. But after 
examining reflection coefficients at other Mach numbers also, It appears that 
the effect of flight Is to reduce the reflection coefficients (In the plane 
wave region) for the daisy lobe nozzle for all Mach numbers. This Is 
best shown by plotting the reflection coefficients as a function of duct 
Mach number as shewn In Figure 3*^0 for frequencies of *»00 , 630 , 800, 1000, 
1250 and 1600 KHz. It Is found that for the daisy lobe nozzle, the higher the 
duct Mach number tho higher the difference between the static and the flight 
reflection coefficients. This effect Is not as dominant for the conical 
nozzle as shown In the same figure. As pointed out earlier, since even the 
static reflection coefficients are not well understood, It Is difficult 
to offer a suitable explanation for the observed effects. Theoretical work 
In progress at Lockheed under an IRAQ program to understand these effects. 
All that one can say et present Is that inducing a secondary stream over 
nozzles modifies the base pressures which In turn is bound to change the 
nozzle termination Impedance and hence the reflection coefficients. 

3 . 3.3 One-third Octave NTC 

We shall start out here by p.-esenting 1/3"OCtave NTC data at Mi»0 as 
a function of free-Jet Mach number. 1/3-octave NTC corrected for IWT 
conditions at emission angles of 30®, 60® (real arc), 90® and 110® (forward 
arc) are compared In Figure 3-*»1 for four free-Jet Mach numbers, namely, 0.0, 

0. 08, 0.16 and 0.24. These results are very similar to those observed In our 
earlier studies (ref. 3-10) for NASA Lewis (Contract NAS3-20050) on effects of 
flight on jet noise contaminated with Internal noise. There It was found 
that flight simulation reduces noise In the rear arc, has little change at 
90 ® and Increases noise In the forward arc. These effects were attributed 

to the so-called "convective ampl If Icat I on" of Internal noise by the- free 
jet. A closer examination of the data presented here discloses the same 
trend (ae indicated by arrowe in Figuree S.41 (a) thru 3.41 (d)). Similar 
results were obtained at other jet Mach numbers also as shown In FJgure 
3.42 for Mj “ 0.8 for the unheated jet. For the heated jets, however, this 
effect was not so *trong as shown by the l/3~octave NTC spectra for Mj“0.8 
and T|^“600K In Figure 3.43. This may have been due to the dominance of 
jet mixing noise at certain frequencies. Directivities for the data of 
Figure 3.43 are plotted In Figure 3.44 for three typical frequencies, namely 

1, 4 and 8 KHz for both the static (Mx = 0) and the flight case (Mx“0.24). 
Here the difference between the static and the flight NIC dl rectlvlti’es 
appears to be a function of frequency. Even though some "convective ampli- 
fication" type of phenomenon appears to be taking place, the results are 
contrary to the popular belief that "convective amplification" is Independent 
of frequency. In most published work, however, these effects have been In- 
vestigated based upon OASPL only [3*10, 3.11, 3.12]. 
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Further work Is, therefore, needed to understand these results. 

3.3*^ Acoustic Power 

Far-f'leld acoustic powers were found to decrease with forward velocity 
for all Jet Mach numbers. This Is shown In Figure 3.^5. Far-fleld acoustic 
powers (Wf) iiormallzed with respect to the Incident power (W|) for Mj^o, 

0.6 and 0.8 are shown as a function of free-Jet Mach number. It is seen 
that there is up to 10 d6 difference between the static and flight case 
(e.g., see r'lgure 3.^5 (b) and compare Mj®0.0and Q.2k data). These re- 
sults are further shown as a function of frequency and Vj/ c_ In Figure 3.^6. 
Here It is found that the slope of PTFj versus Log (Vj/c^) for the static 
case remains the same for each frequency but that for the flight case In- 
creases with frequency. The flight data Is always lower than the static 
data. 


The reason for the above behavior Is not known. It is possible, however, 
that the low frequency absorption noticed In the static case has been aug- 
mented by the additional vortex shedding from the outer lip of the nozzles. 

Due to completely different exit geometries, the shear layer quite close 
to the exit In the flight simulation mode Is expected to be quite different 
In terms of the local velocity and temperature •’'•adlents. If this is an 
important parameter In determining the far-fleld powers a comparison of 
these acoustic powers for the two nozzles should vary with respect to each 
other In some systematic manner as the relative velocities between the model 
jet and the free-Jet are changed. It Indeed was found to be so as shown In 
Figure 3.^7. The far-fleld acoustic powers, for the two nozzles, normalized 
with respect to the Incident power are compared In this figure at Mj = 0.0, 

0.6 and 0.8 for a constant free-Jet Mach number of 0.2l|. It Is seen that 
as the Jet Mach number Is increased the daisy lobe acoustic power starts 
decreasing with respect to that from the reference conical nozzle. 

To determine the effect of flight on low frequency absorption noticed 
earlier for the static case, the data of Figure 3.^7 Is replotted by norma- 
lizing the far-fleld power (Wf) with respect to the transmitted power (Wt). 

This Is shown In Figure 3.^8 for Mj = 0.0, 0.6 and 0.8 and tunnel Mach 
number, M-f = 0.24. Data for both the daisy lobe and the reference conical 
nozzle are compared. Similar to the results for the static case, low freq- 
uency absorption is noticed. At Mj 0, the conical nozzle displays more 
low frequency absorption than the daisy lobe nozzle. At Mj = 0.6, this 
absorption is almost the same for both rjzzles while the trend is reversed at 
Mj « 0.8 where the daisy lobe nozzle now displays more low frequency absorp- 
tion than the conical nozzle. The reason for this Is not quite clear. It 
is reasonable, however, to assume that due to different geometries of the 
two nozzles, the flow structure in the wake formed by each nozzle, operated 
In the flight-simulation mode, will be different. If the low-frequency 
absorption is indeed caused by the vortex shedding at the nozzle exit, as 
proposed by Bechert [3.3], It will undoubtedly be Influenced by the fluid- 
dynamics of this noz?1e-w;ike. Understanding this phenomenon In detail will 
require proper flow surveys and flow visualization at and downstream of the 
nozzle exit whlcfi was beyond the scope of the present program. 


96 







Log^O (Vj/cq) 


Figure 3. 1*6 Effect of free-jet Mach number On the far-fleld 
acoustic power levels of the daisy lobe nozzle 
at various Jet Mach numbers and frequencies, 

(a) f - 500 Hz, (b) f - 1 KHz, ic) f - k KHz, and 
(d) f - 8 KHz. 

Mt = -0-. 0.0:— A—- 0.2ft 


Legend ; 







FUNCTIOH, dB POWER TRANSFER FUKDIKK dB 




« . • s . 

• ® e • • 

m • e 


Q MI8V UtE NSZL£ 

O CMIOL MIZZL£ 



t • ■ 


i.a la 


iiwie uuMlin 

• 0IO8Y UK MEOJE 

• muimai 


U 6 1 » &8 


Cf g ® ® » 

• I ® 

® * ® « 
e • fl 
e _ 


NOZZLE GEKTirr 
(9 DAISY LK 

0 OaUCALNOOLE 


i a ‘ ' i4i ‘ ' M * ‘ 3i'ia' * a. 3 ‘ ‘ lU ai *i 

1 /3-OCTAVE FREQUENCY - KHz 

Figure 3.k7 Effect of nozzle geometry on far-fleld ^oustlc 
^ power normalized w.r.t. Incident power at Mj = 0.24 
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Figure 3.^9 Effect of nozzle geometry on far-fleld acoustic 

power normalized w.r.t. transmitted power at Mj = 0.8 
(Td = 600K) 

Mf! (a) 0.08. (b) 0.16 and (c) 0.2** 
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Low frequency absorption was noticed for heated Jets also, operated 
under flight simulation, as shown In Figure 3.^9. Here the PTF^ spectra 
at Ml B 0.8 and » 600K for Mf ° 0.08, 0.16 and 0.24 are plotted for both 
nozzles. The difference between the PTFt values for the two nozzles changes 
as the relative velocity oetween the main Jet and tunnel Is varied. Due 
to a lack of data at other temperatures It Is difficult to generalize these 
results at this stage. 

Further work, both experimental and theoretical, Is certainly warranted 
to understand these results. A theoretical study to understand the low 
frequency absorption has already been Initiated at Lockheed. 

3.3.5 Flight Effects - Summary 

Results for free Jet Mach numbers of 0.0, O.O8, 0.16 and 0.24 for 
the daisy lobe nozzle and the reference conical nozzle have been presented 
for a range of flow conditions. All data have been corrected for Ideal wind 

tunnel conditions. The following four conclusions have been reached. 

(1) The reflection coefficients decrease with free-Jet Mach 
number. 

(2) There Is a tendency for the MTC values to decrease In the rear 
arc and Increase In the forward arc with forward velocity. 

(3) Far-fleld acoustic powers decrease with Increasing free-Jet 
Mach number. 

(4) For Mj>0, there Is more low frequency absorption for the daisy 
lobe nozzle (compared to the conical nozzle), and vice versa t Mj a 0. 

Similar to the results for the static conditions, most results In 
this section can not be explained even though they were found to be consis- 
tent as a function of free-Jet Mach number. A better plan should have been 
to complement the experimental program with a parallel theoretical study. 
Unfortunately the original program was only to obtain the nozzle trans- 
mission coefficients. A theoretical study to explain some of the observed 
effects has now been Initiated at Lockheed and the results will be published 
In due course. 
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3.4 CONCLUSIONS 


Important conclusions are summarized below: 

Statio Data 

(1) The daisy lobe nozzle displays higher reflection coefficients 
than the reference conical nozzle at almost all flow conditions. 

(2) for both nozzles, the effect of flov/ Is to gradually reduce the 
reflection from the Jet opening and Increase the reflection from the solid 
parts (e.g. nozzle shoulder). At under-expanded conditions al I reflection 
appears to be from the solid parts. 

(3) The trends In variation of refiection coefficients with 
frequency are exactly opposite for the two nozzles. The daisy iobe refiec- 
tion coefficient increases with frequency while that for the conical nozzle 
decreases with frequency for almost all frequencies. 

(4) Reflection coefficients at very low frequencies for conical 
nozzles are higher than unity for high jet Mach numbers. 

(5) At zero flow condi tions , the radiation is predominantly towards 
the jet axis. With flow, refraction becomes important and the peaks in the 
directivities shift towards higher anglej. 

(6) Deductions mads about the far-fieid radiation based upon 
refiection coefficients do not necessarily hold. For static conditions, 
both nozzles have remarkably similar far-fieid NTC directivities and spectra 
at subsonic Mach numbers even though the nozzle geometries and the reflect- 
ion coefficient characteristics are quite different. 

(7) Exit area of the nozzles appear to determine the shape and 
levels of the far-fieid spectra. 

(8) The far-fieid acoustic power at low frequencies follows an 
relationship for unheated jets and an w** relationship for heated jets. 

(9) At low frequencies, the far-fleld acoustic power is always less 
than the Incident power. 

(10) Jet Mach number has little effect on far-fieid power, especially 
at low frequencies. 

(11) Power balance at low frequencies is not obtained both with and 
without flow. No immediate explanations are available for this result at the 
zero flow condition. 

(12) When the Jet is heated, the conical nozzle radi ates more efficiently 

than the daisy lobe nozzle, especially at small angles to the jet . 
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Flight Simulation Data 


(13) Forward 

NTC In the rear arc. has little effect at ju 
In the forward arc# 

(tll) Far-fleld acoustic powers are also reduced under flight simu- 
latlon. 

gnder flight condUlons «-t^.r« 

J«3tTi“d*e ‘w retfrlti. the effect of true flow conditions at the 
nozzle exit on sound transmission. 

(16) under flight-simulation, the daisy lobe noatl. displayed ^re 
low frequency noise absorption than the conical nozzle, exept for j 


4. TRANSMISSION RESULTS FOR MULTI-CHUTE SUPPRESSOR 


Characteristics of Internal nui:e radiation f»uni thg j6-^chute coaxial 
suppressor nozzle tested only statically for boih ihe ynheated and the heated 
conditions are presented here. Effects of pn»na‘y ana ^rtconUaiy jot Maoh 
mmhem on the nozzle transmission coefficients nnd iftti power transfer functions 
are described first In section 4,1, Results idiowiny the effects of heating 
either one or both of the coaxial strerims on these ti ansmi Ion parameters are 
then presented In section 4.2. Whore\/ei possible iht results for the suppressor 
nozzle are compared with those for the reference couAial nozzle for identical 
flow conditions. Final lyi the none I us ions ar» given in ^eevion 4.3» 


4.1 m£ii NTlMHliii DTaTTS 

Experimental results showing the effects c»f changing the jet Mach number 
ratio for unheated jet conditions on the i r iinsmi ss ion cliaracter i st i cs of the 
multi-chute suppressor as well as the coaxial nozzle are presented 

In this section. The selection of the iniary afid the secondary Jet Mach 
numbers for the present study, as stlpulnteH by hASA-Lewis and described In 
section 2.2«was based upon the representai i ve Mach numbers of the full-scale 
engines. The Mach numbers from one test point to another did not necessarily 
vary In a systematic manner. The limited ce^i conditions, at which the data 
was acqui red,we re thus not altogether adequate for a funddmental study. The 
results presented here, therefore, are more representative of trends rather 
than conclusive evidence of the observed behavior. 

4,1.1 Time Histories 

As described In section 2.1.4, the source section for the miiUi-chute 
nozzle was different from that used for the daisy Iv^be nozzle. Firsts instead 
of a single spark plug, six spark plugs with their gaps located at the foci 
of paraboloidal reflectors were used as the impulsive sound source and were equi- 
spaced circumferentially within the aniiular plenum chamber upstream of the 
nozzle exit. Second^ the sour*c.e section was locatk-,d only ‘/4 cm upstream of 
the exit instead of 6 in as for the daisy lobe nozzle. Kor these reasons, both 
the in- duct and the far- fie id time histories for the multi -chute as well as 
the reference coaxial nozzle had different sliapes ronipared with those for the 
daisy lobe suppressor nozzle vested m a different facility. For example, the 
incident wave, instead of being a single pulse, m:w consisted of four sharp 
pulses followed by minor f luctuat ions of much lower amplitude. This incident 
signal was found to be repeatable for fixetl flow condIticMis, 1he reflected 
signal, however, was not defined well enough o^ui tabic editing and has not 
been considered in this section. 

Similar to the In-duct signal,, the fur- Held signal also had multiple 
pulses. Identical signals were measiin.d in the tar-field as a function of 
azimuthal angle. Thus it did not matlei v/hellier the tar field arc was along 
one of the flow chutes or along one of llic vented chutes. The measurements 
were made, however, with the polar arc lying In a plane passing through the 
center line of the jet system and also one of the flow chutes. 


105 


SSmV^^VBJBRRXCR^F^SBQBESK 




•'"■”• " ^7 '^1 ' -T--'- 


Typical In-duct and far-fleld time histories at 0 = 10 ®, 30 '*, 50 _, 90 
and 120® (with the Jet axis) are shown In Figure *».l for Mj| => MJ 2 '^ 0. 

In addition to the features discussed above, It Is found that the pulses 
close to the jet axis are much peakler than those at larger angles. This 
Indicates that the data at large angles Is dominated by low frequency -vjlse 
while that close to the Jet axis contains all frequencies. 

As the flow Is super Imposed, the high-frequency sound from small angles 
refracts to the higher angles. This effect Is shown In Figure k.2 for Mj|=0.A 
and Mj 7 » 0 . 6 . The sharp peak at 6=10® has virtually vanished and the pulse 
at 50® of Figure «l.l has now become much peakler. As also seen for the daisy 
lobe suppressor, this Is Indicative of high frequency from the small angles 
being refracted to the larger angles. These results will now be considered 
In the frequency domain. 

1».1.2 One Third Octave NTC 

VARIATION WITH ANGLE. The variation of 1/3-octave NTC spectra w*th^ 
measurement angle and Jet" conditions are presented In Figures 'w? * v • ‘i.b 
for both the multl-chute suppressor as well as the 

Details of the relevant conditions for the NTC data presf u-- ?? ^/? oil 

Is given below In Table 4.1. All data Is for both streams unheated (Tr,/Tr 2 = U 


Table 4.1 Operating Jet conditions for the data of figures 

4.3 th 'u 4.6. 


Figure 

No. 

Nozzle 

Type 

”J1 

Mj2 

vja/vj, 

4.3(a) 

Mult ’-chute 

0.0 

0.0 

- 

4 . 3 (b) 

Ref. Coaxial 

0.0 

0.0 


4.4(a) 

Multl-chute 

0.4 

0.6 

1.50 

4.4(b) 

Ref. Coaxial 

0.4 

0.6 

1.50 

4.5(a) 

Multl-chute 

0.0 

1.2 

00 

4.5(b) 

Ref. Coaxial 

0.0 

1.2 

00 

4.6(a) 

Multi -chute 

0.8 

1.2 

1.40 

4.6(b) 

Ref. Coaxial 

0.8 

1.2 

1.40 


It should be noted that, for Figures 4.5 and 4.6, only 30® and 60® data 
Is compLed. The spectra In these figures are for the fan .jet operated at 
IS compar jui,>nc fM. -1 2l For these conditions, the reference 

therefore, considerably contaminated at larger angles. p 
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Pressure time histories for the multi-chute 
suppressor nozzle at Mj^®0.4 and Mj 2 ’= 0-6 
(unheated) ^ / v 

(a) In-duct, (b) e=10°. (c) 0 = 30°. (d) 9 = 50 

(e) 0 = 90 ° and (f) 0=120° 
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Figure k.k Variation of NIC spectra with polar angle for 
(a) the multi-chute suppressor and (b) the 
reference coaxial nozzle at Mji=0.i», Mj 2 = 0.6, 

Vjj/Vjj = l.FO 

(both Jets unheated) 

0:— C3-; 30®;—o — , 60®;-^-, 90° and — +— , 120' 























angles was, therefore, not possible for these conditions. 

A closer Inspection of the variation of MTC spectra with measureinent 
angle for the multl-chute and the coaxial nozzle.as presented In Figures 4.3 
thru 4.6, show that the spectral shapes for both nozzles are quite similar. 

For both of these d stream nozzles, the NTC values start decreasing with 
frequency first and then start rising and then undergo three or four 
humps In the frequency domain. With the exception of the 30® data for the 
reference coaxial nozzle (see Figure 4.3(b)), the low frequency values at 
various angles are not too different from one another In amplitude Indicating 
that the low frequency radiation Is quite omnidirectional. At high freq- 
uencies the NTC values at a given frequency decrease with increasing angle 
for subsonic conditions (Figures 4.3 and 4.4), a trend found earlier for the 
single stream nozzles also. For shock containing Jets, however, the NTC 
values do not decrease with angle aS rapidly for the multl-chute suppressor 
nozzle as they do for the reference coaxial nozzle. 

COMPARISON WITH DAISY LOBE SUPPRESSOR. The most Important aspect of 
these NTC spectra is that their shapes have little resemblance with those for 
the single stream daisy lobe suppressor and the reference conical nozzle pre- 
sented earlier in section 3*0. To show this, a typical NTC spectrum of the 
daisy lobe nozzle for the no flow condition and that for the multi-chute supp- 
ressor are compared In Figure 4.7 for 0*90®. Here the NTC spectra as a 
function of absolute frequency are compared. Except at very low frequencies 
(below 400 Hz) tha multi-chute nozzle NTC values are lower than those for 
the daisy lobe nozzle at all frequencies. Similar results were obtained with 
flow as shown in Figure 4.8 where 0 = 90® data for the two suppressor nozzles 
Is compared for Mj*0.6 for the daisy lobe nozzle and Mj,=0.4 and Mj2=0.6 for 
the mullti-chute nozzle. It should be noticed that for both nozzles, the stream 
containing the internal noise source Is operated at the same Jet Mach number. 

By comparing the results at 0 = 90®, the effects of refraction and convection have 
also been eliminated. Thus the difference between the two spectra Is primarily 
a nozzle geometry effect. Note that any area effects are also not present here. 
This follows from the "area equivalence" effects discussed earlier In section 3. 
If the frequencies were to be non*d 1 mens! one 1 1 zed by 3 factor of /a then the 
multl-chute NTC spectra shown In Figures 4.7 and 4.8 will, for all Intents and 
purposes, not shift with respect to each other since the two suppressors have 
almost Identical equivalent exit areas.* Why the two spectra are so different 
Is not amenable to explanations at this stage. 

COMPARISON WITH REFERENCE COAXIAL NOZZLE. Variation of 1 /3-octave NTC 
with angle has already been presented for both the multl-chute and the ref- 
ence coaxial nozzles. Data for the two nozzles at Identical conditions and the 
same angles will now be compared. 

So flow oae& 

The first obvious condition for this comparison Is the no flow case. NTC 
Spectra for the two nozzles at Mj^®0 and MJ 2 ® 0 for 0 = 30 >60 ,90 and 
120® are presented In Figure 4 . 9 * The sp ectra at each angle for the two 

* Daisy lobe exit area ® 30.2 cm^ 

Multl-chute exit area « 30.4 cm^ 
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1 /3-OCTAVE FREQUENCY 






Effect of nozzle geometry 
















nozzles have remarkably similar shapes and have almost identical amplitudes 
for frequencies higher than 800 Hz (kh°0.26). Below 800 Hz, the suppressor 
appearstobe a more efficient radiator of Internal noise at all angles larger 
than 30®. At 30®, the trend is reversed in the low frequency range, i.e. the 
coaxial nozzle is more efficient now. 

A good collapse up to almost 63 KJlz is not too surprising. This Is be- 
cause some of the inhouse research at Lockheed has shown that the far-fleld 
MTC for nozzles can be collapsed up to kO® 8, where D is the diameter of 
the nozzle. Assuming that D can be replaced by h^then for the present config 
uratton, where h = 1.78 cm for both nozzles^ the NTC data for th j two nozzles 
should collapse up to a frequency of 24.5 KHz. They appear to collapse even 
at higher frequencies. 

It should be recalled that the reference coaxial nozzle used here was 
one of the existing nozzles used for Phase 1 studies [4.1]. During the de- 
sign of the multi-chute nozzle It was possible to match only the values of 
the annulus height h and the ratio L/h (* 3) with those of the coaxial nozzle 
but the exit areas of the annular jet could not ‘’e maintained the same. The 
flow area of the annulus In the multi-chute nozzle was 30.40 cm^ while that 
In the reference coaxial nozzle was 64.14 cm^. The primary Jet exit area 
for both nozzles was, however, the same and was equal to 45.6 cm^. Thus, 
following the "area equivalence" arguments given earlier, if we were to 
compare the data based upon normalized frequency given by k /A” instead of the 
absolute frequency, where A is the exit area, then the spectra for the 
coaxial jet will move to the right by just over a 1/3-octave with respect to 
the NTC spectra of the multi-chute nozzle. An Inspection of the NTC spectra 
for the two nozzles shows that this does not modify the observed results con- 
siderably. Actually a systematic study, where h could be maintained constant 
and the exit area of the annulus could be varied, and vice versa^is needed to 
quantify the effects of the exit area and the annulus height. ' 

Since here the annulus height Is the same fer the two nozzles and 
the area effects make a difference of only about cne-third octave in the 
frequency normalization, the rest of the data Is coit.pared based upon absolute 
frequency Itself. Also, since the shapes ot the MTC spectra for both nozzles 
were the same at zero flow conditions, then un^sr flow conditions. If there 
are any differences In their relative shapes they will be attributable to 
different flow conditions existent downstream of the respective nozzle e\its. 

Subeonio Mach numbers 

ly,,ical results in f'le ,/resence of flow, comparing the NTC spectra for 
the two nozzles at 6»30®, 60®, 90® and 120®,are shown for Mj,=0.4, Mj 2 = 0.6 
In Figure 4.10 and for ®0.8 and Mj 2 = 0.9 In Figure 4.11. As for the zero 

flow case, the spectra for the flow case are similar in shape for the two 
nozzles but the reference coaxial data near the humps In the spectra are 
higher than those for the multi-chute nozzle. 





















It Is thus found that for zero flow and the subsonic flow conditions, 
except for a few frequencies, the multi°chute nozzle radiates either more 
efficiently than or at least as efficiently as the reference coaxial nozzle 
at almost all frequencies and angles. The only exception Is the low frequency 
data at 6° 30^ at Mj. »Mj 2°0 where the multi-chute nozzle Is found to be 
less efficient than the reference coaxial nozzle. 

Similar results can also be seen In the directivity plots for the two 
nozzles shown in Figure 4.12 for typical 1/3~octave frequencies of I, 4, 8 
and 16 KHz for a typical flow condition of MjjBO.4 and Mj2°0.6. It is 
Interesting to note that despite the odd looking NTC shapes, the directivity 
shapes are quite smooth and similar for both nozzles. Observations made above 
about the spectral shapes apply here also. 

Superaonio Maah nvmbeva 

For the fan stream operated at aupevoritioat pressure ratios, the 
coaxial jet at small angles Is found to be move efficient than the multi- 
chute nozzle at alt frequencies except at two or three frequencies where 
sharp dips in the coaxial data were noticed (see Figure 4.13(a) and 4.14(a)). 
At 0 = 60®, the multi-chute nozzle radiates leaa efficiently (by 2 to 3 dB) 
compared to the reference coaxial Jet at Icnnev frequencies (f<7KHz) and move 
efficiently at higher frequencies (see Figures 4.13(b) and 4.14(b)). 

Notice that the fan-stream Mach number for the data presented in both 
of the Figures 4.13 and 4.14 is 1.2 but the primary Mach number (Hj>),for 
the data presented in Figure 4.13,1s zero while It is equal to 0.8 for the 
data of Figure 4.14. Thus any differences in the NTC spectra shown in these 
figures should also reflect the effects of the primary jet for internal noise 
radiating through the fan stream. A closer examination of the two figures 
shows only miner effects of the primary stream. However, since such tests 
were not conducted for other condi tions,general conclusions about the effects 
of the primary stream can not be drawn from the limited data studied here. 

EFFECT OF FAN STREAM MACH NUMBER. Effect of the fan stream Mach number 
was found to be more important for the reference coaxial nozzle than for the 
multi-chute nozzle. This Is shown in Figure 4.15 for 0 = 30° and Figure 4.16 
for 0=6u°. In both figures the NTC spectra for the multi -chute nozzle and 
also the conical nozzle are presented for two fan-jet Mach numbers, name'y 
0.0 and 1.2 with no flow through the primary stream. At 0 = 30®, both nozzles 
show the effect of refraction at high frequencies which Is to be expected. 

At low frequencies, however, both nozzles appear to radiate more efficiently 
for the higher Mj 2 « This effect of the fan Jet Mach number is stronger for 
the coaxial nozzle than for the multl-rhute nozzle. 

4.1.3 Acoustic Power 

Since the reflected signals were not processed for the dual stream 
nozzles, the far-field acoustic power normalized with respect to only the 
incident acoustic power, I.e. PTFj, Is considered here. PTFj spectra for 
three flow conditions of Mj^, Mjj of 0.0, 0.0; 0.4, 0.6 and 0.8, 0.9 are 
presented In Figure 4.17 for both nozzles. 
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NOZZLE TRANSFER FUNCTION. dB NOZZLE TRANSFER FUNCTION, dO 



Figure 4.14 Effect of nozzle geometry on NIC spectra at 

Mji ^ 0. 8 and MJ 2 =1.2, Vj 2 /Vj^ = 1.4, (Tr.=Tr 2 ® ambient) 

0: (a) 30° and Tb) 60 ° 

multi-chute nozzle; -o--. reffc.ence coaxial nozzle. 
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NTC - dB 

NOZZLE TRANSFER FUNCTION, dB NOZZLE TRANSFER FUNCTION, dB 



Figure ^».16 Effect of fan jet Mach number on NTC spectra of 
(a) multi-chute nozzle and (b) reference coaxial 
nozzle at 0 = 6O°. 

Mji=»0.0, Tri=Tr 2= ambient 

0.0; •— o*—, 1.2 
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1/3-OCTAVE FREdUENCY - KHz 

Effect of nozzle geometry on power transfer function 
(a) Mji“0.0, Mj 2 * 0 , (b) Mj 2 = 0.6 and 

(c) Mj, =0.8, Mj2»0.9 

(Tri = Tr 2 = ambient) 

—<>- multi-chute nozzle,— o— reference coaxial nozzle 











The zero Mach number ’ 42 ^e^ar“a?list”^^ 

In that beyond f-800 ‘^e »P«««/»;^»Ve of the nozzle. 

Irflicating that, In ®5udes of the far-fleld radiation except at lo” 

??:;u 2 ;^U:!‘“t‘ro„Tr^rc!.: rbuopre..or nozzle radiate, more effic 
lently than the reference coaxial nozzle. 

4.17(b) and 4.17(c)). 

The .pactra, .hape. of the 

nr."Tr;'n“orh:r“aS5 ;rhrr'.:». « 

results. 

4.1.4 Mach Muiiober Effects - Sumnary 

coa«larno2i:'U,«;«.tuln7afd%Za«^^^^^^ 

(„ „ee to different 

the in^iict and the far-fleld the dai.y^obe nozzle. 

.Ignal and are thu. the reflected wave. In thl. ca.e. 

sr^rre'.lirrefore, not pre.ented. 

(2) Far-fleld radiation wa. found to be azimuthal ly .ymmetrlc. 

(3) to- freuuency radiation for both nozzle. 1. omnidirectional. 

(h) Ocmlnant radiation for both nozzle. 1. clone to the jet ahl.. 

1 te a less efficient radiator of internal noise 
than tJi^i:^le"^^«rdr..r.^oli nozzle (and therefore the conical nozzle). 

(6) TMeMTC .pectra and^he JM«ctlvltle.^^ 

the reference coaxial nozzle a Y suppressor 

!.rd;:ur:"re7fVirntn“i all lng^:l“«cept ai angle, .mailer than 30» 
where the trend is opposite. 

m For a fixed fan-jet Mach number, the primary Jet has negligible 
(7) For a f'J^ed ran J' . of these nozzles, 

effect on the transmission characterist 


ji ^irtr. Increases with increasing fan-jet Mach 

(8) Low frequency radiation Increases wn. 

number. 

(9) At Mj = 0. the 

to the Incident acoustic powers, 
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referehce nozzle for frequencies higher than 800 Hz. Below 8oo Hz the 
multi-chute suppressor radiates more efficiently. 

(10) With flow, the suppressor radiates more acoustic power than the 
reference conical nozzle at all frequencies. 


4 . 2 tEHP£R2^TUR£ EFFECTS 

Results similar to those described In section 4.1 for unheated jets 
will now be presented for the heated Jets. As already described In section 
3 measurements were made only at a few test conditions as shown In Table 
4.2. 

Table 4.2 Multi-chute suppressor operating conditions 
for the heated Jets. 


Test 

No. 


Mj 2 

Tri(K) 

Tr 2(K) 

Vuz/Vj, 

1 

0.8 

0.9 

AHB 

600 

1.96 

2 

0.8 

0.9 

AHB 

900 

1.93 

3 

0.8 

0.9 

490 

600 

1.27 

4 

0.8 

0.9 

679 

900 

1.31 

5 

0.8 

1.2 

AHB 

600 

2.09 


Data was obtained for both the mult I -chute suppressor as well as the 
rv.' -“.nee coaxial nozzle for the above conditions. Due to very high Jet 
ve.ocltles (and therefore high amplitude of Jet mixing noise), the data for 
Mjo = 1.2 (test no. 5), particularly for the reference coaxial nozzle, was 
valid only for a few angles. Similarly, the data for test no. 4 was con- 
taminated with Jet mixing noise at many angles, both close to the Jet axis 
where Jet mixing noise Is normally dominant and at 90® and In the forward 
arc where the pulse amplitude Is normally low. For this reason data for 
the first three tests of table 4.2 only are discussed here. At other 
conditions, the data for those angles where the far-fteld pulse was detect- 
able Is shown In the prInt-outs given In Appendix C along with the rest of 
the data. 

In view of the restrictions described above only two aspects of 
nozzle transmission are addressed here. These are: 

(1) Effects of Tr 2 for fixed Mj^, Mj2 and Tr^ (Mj^ *»0.8, 

Mj 2®0.9 , Tr^» ambient) 

(2) Effects of Tri for fixed Hj^, Mj2 and Tr 2 (Mj^ -0.8, 

Mj 2 ® 0‘9 and Tr 2 ® 800 K). 
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4,2.1 Effect of Heating the Fan Jet 

Effects of heating the fan Jet for Mj,»0,8 and Mj 2 “ 0.9 are shown 
In Figure 4.18. One-third octave NTC spectra at 30®, 60®, 90® and 120® 
are compared for 1^2 “ ^OOK and 900K. For each of these conditions 

the primary Jet was operated unheated. With the exception of the 90® data, 
the effect of heating the fan Jet from ambient to 600K Is to reduce the 
far-fleld radiation. Heating It further to 900K, however Increases the far- 
field radiation at almost all frequencies. Inspection of similar data for 
the coaxial nozzle revealed that on heating the fan Jet from ambient to 
600K reduced the NTC values only for 60® and that also only at low freq- 
uencies. At other angles, effect of heating was mostly to incre .e the 
internal noise radiation. This coaxial nozzle data Is shov/n in Figure 4.19 
for the same condition at which the multi-chute data of the previous figure 
(Figure 4. 18} were obtained. 

It should be noted that for some of the angles, the 900K data have not 
been plotted since the Jet mixing noise at these angles was more dominant 
than the far-fleld pulse itself. In view of the limited data, therefore, 
general conclusions can not be drawn from these results. 

The data for the ambient and the 600K condition, however , indl cates 
that for prediction purposes the effect of heating must be taken into account 
in working out a normalizing parameter for the frequency. For example. If 
the multi-chute data of Figure 4.18 for these two conditions are plotted 
as a function of kh instead of the absolute frequency, most of the humps 
in the spectra for the two conditions are found to lie under each other. 

Due to different speeds of sound (c) for the ambient and the 600K conditions 

the wave number k (= 2irf/c) for the heated condition in this case is 1.4 

times larger than the ambient condition. This means that , to compare the 
heated data on a kh basis, one should shift the heated Jet spectrum to the 
left^wlth respect to the ambient Jet spectrum. When this is done, as shown 
in Figure 4.20, the two spectra show remarkable similarity. Only the 90® 
data shows some dissimilarity at low frequencies (f<1KHz). For other angles, 
the main conclusion to be derived from these results is that heating the 

Jet to 600K reduces the radiation efficiency at almost all values of kh. On 

this basis, the differences in NTC between the ambient and the heated 
conditions are largest close to the Jet axis. 

The above observations about the NTC are true for the far-fleld 
acoustic powers as well. For example, the far-field acoustic powers normal- 
ized with respect to incident acoustic powers for the two conditions of the 
previous figure were found to have very similar shapes when compared on the 
non-dimensional frequency (kh) basis as shown In Figure l|.21. It Is found 
that the effect of heating the fan-jet is to reduce the far-fleld radiation 
between 1 to 10 dB. Similar results were found for the reference coaxial 
nozzle. This Is indicative of some form of shielding effect but a syste- 
matic study is needed to properly quantify these effects. 










Effect of heating the fan jet NIC spectra of the 
reference coaxial nozzle at Mj^=0.8 and Mj 2 = 0*9 














1».2.2 Effect of Heating the Primary Jet 

Strictly speaking only two test conditions, namely test numbers 1 and 
3 of table k.2 were available to determine the effects of heating the primary 
Jet with other parameters remaining constant. Out of these two test points 
the latter was contaminated by jet mixing noise at many angles due to higher 
primary jet velocities. Reasonable data was available only at 0®eO and 
90®. A comparison of the 1/3-octavc NTC spectra at these angles for the 
above two conditions (Tr, “ambient and AJOK wl th ”Jl “ 

Tr,» 600K) Is made In Figure 4.22(a) and (b) for 0 = 60® and 90®, respectively. 
These results show that the far-fleld radiation of Internal noise from noise 
sources Imbedded within the fan stream, upstream of the fan jet exit, are not 
strongly Influenced by the temperature of the primaiv stream. Compared to the 
unheated primary jet condition the NTC are found to be somewhat higher 
for the heated primary jet condition. 


4 . 2.3 Temperature Effects - Summary 

Effects of heating either one or both of che streams of the mult I -chute 
and the reference coaxial nozzle on transmission characteristics of Internal 
noise within the fan stream were Investigated. Only limited conditions were 
tested and valid data was obtained for even less number of test conditions 
due to the dominance of Jet mixing and sometimes shock-noise at many angles 
for the higher temperatures and Mach numbers. This was particularly true 
for the reference coaxial nozzle. Results presented here are thus more re- 
presentative of trends rather than conclusive evidence of any phenomenon. 

The ob8er>vatioYi8 made about the temperature effects can be summarized as 
fol lows: 

(1) For fixed Ml 1 , Mj, and Tr, , the multi -chute suppressor radiates 
less efficiently at Tr2 “ 6 o 6 k and mire efficiently at Tr2“900K with respect 
to the unheated fan jet. 

(2) kh is a good normalizing frequency parameter for the configurations 
studied here. 

(3) For fixed Mj^, Mj, and Tr,, changing the primary jet total temp- 
erature tends to Increase the far-fleld radiation. 


4 . 3 CONCLUSIONS 


Conclusions for this section basically consist of the sunmarles for 
the Mach number effects and the temperature effects which have already been 
given In subsections 4.1.4 and 4.2.3 respectively and are therefore not 
repeated. 
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5. DEVELOPfENT OF SIGNAL AVERAGING TECHNIQUE 
FOR TRANSMISSION STUDIES 


All acoustic data presented in the last two sections and also that 
obtained in Phase 1 [5.1] was based upon a single puise analysis scheme 
where the pulse was produced by a high voitage spark discharge, it has 
by now become quite obvious that, in this method, whenever high i eve Is of 
Jet mixing or shock associated noise are superimposed as a background on 
the impulse received in the far<*f ield,the pulse is either not detectable 
at all dr there is considerable spectral contamination by the Jet noise. 

This problem is found to be particuiarly severe close to the Jet axis where 
the refraction effects reduce the pulse amplitude while the convective 
amplification increases the Jet mixing noise and also at angles close to 
90® and higher than 90®, where the pulse noise level is naturally low , 
while the shock associated noise from the supersonic jets Is dominant. 

In addition to this low signal to noise (S/N) ratio problem, a number 
of results obtained for the four nozzles investigated in this study, for 
those conditions whose S/N ratio was adequate, contradicted many of the 
conventional notions about transmission of sound through ducts and nozzles. 
For example, a comparison between the transmitted acoustic power (calculated 
from the in-duct measurements) and that measured in the far-field indicated 
a low frequency loss of up to 20 dB even when there was no flow through 
the nozzle system. Also at times, the predicted acoustic behavior in the 
far-field based upon the reflection coefficient data contradicted the 
measurements. For example, if the reflection coefficients decreased, one 
would expect to measure increased far-field sound levels but decreased far- 
field levels were measured instead. 

Since high intensity pulses (spectrum level at the nozzle exit “ 

130 dB) were generated by the spark discharge, it was suspected that possible 
non-linear problems associated with high Intensity sound could be instru- 
mental in explaining the above anomalies.’^ 

The spark source had some other inherent operational problems as well. 
In particular, a high voitage electromagnetic pulse was generated whenever 
the spark was discharged. This led to numerous instrumentation and equip- 
ment problems. Furthermore, several minutes were required between dis- 
charges to recharge the capacitor bank. 

In view of the above problems, a different technique was sought which 
could eliminate or minimize the above problems but at the same time retain 
the advantages of the impulse technique. Attempts were therefore made 
to develop a signal averaging technique . By this technique, a sufficient 
number of individual records are averaged, the stochastic contribution 
from the Jet mixing noise should average to zero with a clean recovery of 
the pulse in the time domain. The other two main problems of very high 
noi se level s (t hus the associated possible non-linear effects) and the 

* Based upon the results described in this section, similar results were 
found for low intensity sound as well. 
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electromagnetic radiation associated with the Shark 
Inated by this method. ^ 


source can also be elim- 


rss KS%rs'L;ri='":£“'- 


desert bid behind signal averaging for this Investigation Is first 

aether wSfh Section. The actual method and the instrumentation to- 

elusion, are presented In sictlM’s.lif ‘"I con- 


5.1 PRINCIPLE OP SIGNAL AVERAGING 




convon;:dir;!j?:f-?i"nS :;5 'j-t '-‘'r'- 

dSlnlJe’tamDirtlie ® location cor?espondlnr?J 'a^ 

ts .5s !s“ s.;'2i.,".;“,ct::4:B;i"‘“"' ■“-"^•< 

n«ies» ^*'ik summation process tends to enhance the signal with resoect to 
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t 1 »o) . Then 


f(t) » s(t) +n(t) 

Let samples be taken ever T seconds, then 
f (t + IT) » s(t|i ♦ IT) + n(tL + IT) 

■ s(IT) + •'(^k * 

,or a Slvan > and k, "(ta * iT) .a a r^do; -rUbl. and can ^st 


(5.1) 

(5.2) 


„n a ,tv.n > and k. "(‘k » Sd'a »f 

5!«“a:t\“ bn:,rsaSl« a sta.latica, 

independent . 

NOW the signal to noise ratio, (S/N) for the ith point on any particular 
repetition can be given by 


S/N 


s (IT) 
6 


(5.3) 


After m repetitions, the value stored in the ith memory location is 


I f(tk+lT) - I s(iT) + I n(t|, + iT) 
l^sii k=>l k®l 

m 

= m s(iT) + I n(tk + IT) 
k®l 

Since the noise is random and the m samples are independent, the ^an 
sauare iafue of tS^Lm of the m noise samples is and the r.m.s value 

tr^m Therefore, the signal - to - noise ratio after summation is 


(5.M 


(S/N) = (S/N) 

3/m 


(5.5) 


Thus summing m repetitions 

of . Thus an enhancement of signa1"to noise rat y 
will require 100 separate repetitions. 

a total of 102<i repetitions were used in the present investigation which 
Iag,rovad“he signal -to-noise ratio by 30 dB oyur the single-shot spark source 
technique. 
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5.2 14ETH0D AND TEST SET-UP 


5.2.1 The Source Section and the Instrumentation 

averaging procedure as adapted for the 
J '"vest gation Is given in Figure 5.1. A sharp pulse was fed 
through four e ectro-acoustic drivers into a source section. The electronic 
pulse that axcites the drivers was also used as the triggering (or the synchro- 
nizlng) s gnai which was fed to the real time analyzer SD-360%long with^the 

the e noise. Typical time histories of 

the electronic signal, fed to the drivers and used as the trigger signal.to- 

drivers, jet mixing noise and the pulse before 
and after signal averaging are shown In Figure sTl. 

source section, shown In Figure 5.2, consisted of four 100 watt 
electro-acoustic drivers arranged around the circumference of a 10 cm diameter 
duct connecting the test nozzles. This source section Was physical Iv located 

VocltVZ i'® sciSrc^ wa Jr g?na??y 

located for the daisy lobe and the reference conical nozzle. ^ 

The Induct measurements were made by a 0.64 cm (1/4 in.) diameter B and K 
microphone (type 4136) mounted flush with the duct wall and was located 120 cm 
upstream of the nozzle exit. The far-field measurements werrmairSj 1.28 c^ 
(1/2 in.) diameter B and K microphones (type 4133) mounted.on a 1.2 meter radius 
polar arc, between the jet axis and 120® with the jet axis at 10® Interval. 

earlier'Jor '“entical to those described 

th^fa^-nllS n ‘discharge source except that the incident, reflected and 

the far field pulses were now si gnai -averaged. 


5.2,2 Test PI 


an 


Since the present investigation was only a mini-study, desiqned orimarllv 
to substantiate the accuracy of the results obtained by usL the ^ 

fS^onira^n P™''**'® adequate data at high jet Mach number, data 

TabirS^I conditions was obtained. These are given in 


ORIGINAL PAGE IS 
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Figure 5-1 Schematic tr. show the signal averaging procedure. 
















Table 5.1 Test plan for the data obtained with signal averaging. 


Test 

Condition 

Type 

of 

Nozzle 

Jet Mach 
Number 
(Mj) 

Temperature 

1 

Daisy Lobe 

0.0 

Ambient 

2 

Daisy lobe 

0.6 

Ambient 

3 

Daisy lobe I 

1.2 1 

Ambient 

k 

Conical 

0.0 

Ambient 

5 

Conical 

0.6 

Ambient 

6 

Conical 

1.2 

Amb i en t 


5 . 3 TEST RESULTS 


3,1 Input and Output Signals 

TO ,nv.s.,,a.e the Interna. " 0 <-,‘--'rd!.clnra 5 «u^ l?tZ: 

as the acoostie drivers most „? the output of the 

;o:«.:Trr»:Jlron'ti"e‘«hrr-hand. 

,put signal and the frequency response of the drivers. 

For this Investigation an of°33.33 mir'^The 

.3(a), was fed to each driver, periodic this signal is shown in 

^ectr^m (i.e. spectral content '"Pf °H, ba dwidth). 

igure 5.3(b) which is plotted up to 15 KHz Iwith 3U nz 

A typical time history shown in 

Icrophorte (after averaging) band spectra (with 30 Hz 

igure 5 . '♦(a) for conditions. ctnure 5 4 (b). Due to the poor 

.and-idth) of this Incident po se is ^n „ ,erv low at 

repuency response ^ „f the acoustic drivers at higher 

ligh frequencies. Therefore, tn , P . r ^he Dreliminary nature of this 
requencies needs to be improved. ° ^^e restricted to 10 KHz only, 

nvestigatlon, =] ' f H’r^onsiiter^d to be a major restriction since one 
^]:r'S5fc"trve’::;‘:o res^rve-rS'frerue^c, absorption noticed at aero 
Flow. 


Recovery of the Pulse from the Dominant Jet Noise. 


3.2 

1 A 4 . .4 s n Ptmirp ^ show thc t i ms histories of the 
ansmuter"s?g:ai'?:n;:;ii;lnr:iih je? noise ior Hach numbers of O.b and ,.2 
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ACOUSTIC PRESSURE 


(a) IN-DUCT PULSE 


reflected 

PULSE 

FROM 6.2 cm NOZZLE 


INCIDENT PULSE 


33.33 ms 
TIME 


(b) SPECTRUM OF THE 
incident PULSE 


= 30 Hz 


FREQUENCY - KMZ 

rt cl. Time history of the in-duct (output) signal 

Figure S-**. Ji^ termination and 

the spectrum of the incident signal, j 






POLAR ANGLE 6 DEG. 













at various polar angles for the daisy lobe nozzle. It Is Impossible to Identify 
the presence of the transmitted Impulsive signal from this data. However, after 
signal averaging, these pulses stand-out clearly, as shown superimposed In a 
darker shade over the contaminated signal of Figure 5.5. Results similar to 
these were obtained for the conical nozzle and proved that the signal averaging 
technique Is Indeed a highly effective way of recovering the pulses burled In 
the Jet mixing noise. 

5 . 3.3 Comparison between the Spark Discharge and the Averaged Signal 

Figures 5.6 and 5.7 show the comparison of far-fleld tlm? histories for 
the daisy lobe and the conical nozzles, obtained using single spark discharge 
and averaged signal using acoustic drivers for jet Mach numbers of 0.6 and 1.2 
respectively, at various polar angles. It Is noticed that for the same con- ' 
dition of Mj = 0.o the transmitted pulses* obtained usliigan acoustic driver source 
(without averaging), shown In Figure 5.5, are highly contaminated but those 
shown In Figure 5.6 obtained usinga single spark discharge displays v/ell defined 
shapes at each angle. This Is due to much higher Intensity of the spark t‘Is- 
charge source compared to the output of the drivers. 

At a jet Mach number of 0.6(see Figure 5.6), the signals obtained by 

single spark discharge and by signal averaging are quite clean. Therefore, It 
is expected that the spectral data for this condition, obtained by both the 
methods should compare well; which Is shown. In the latter part of this section 
to be true. ’ 

In Figure 5.7, where the far-fleld signals are compared at Mj = 1.2 as 
obtained by both the methods, one does not see the same trend as found in 
Figure 5.C for Mj<=0.6, In this case, even fora spark discharge source, which 
was very intense, the transmitted pulse is not Identified in the forward arc 
for both the nozzles. At those angles also, where the pulse appears to be 
present, it is highly contaminated. In contrast, the far-field signals obtained 

by signal averaging are clean at all polar angles for both the nozzles. In this 

situation, one should, therefore, expect to get more accurate results using the 
data obtained from the signal averaging technique. Data from the two schemes 
Will now be compared in the frequency domain. 

5* 3*^ A Comparison of Spectral Data 

NTC AT LOW MACH NUMBERS: Figure 5.8 shows the comparison of NTC for the 
daisy lobe nozzle for Mj«0 and Mj = 0.6 at polar angles of 60® and 90°, ob- 
talned using the single spark discharge method and using the signal averaging 
method. For zero flow conditions, as shown In Figure 5.8(a), the agreement 
between the NTC values obtained by both the methods Is excellent, except for 
frequencies (I.e. around 200 Hz). However, at Mj = 0.6 (see Figure 
5 . 0 (b)), though the overall agreement is good, the lower frequency NTC values 
obtained by signal averaging appear to be slightly higher compared to the NTC 
values obtained by spark discharge. As discussed later In section 5.k one of 
the possible reasons for such a discrepancy could be the higher Intensity of 
the signal generated by spark discharge. Another possible source of error 
could be the jitter of the impulses during averaging, a problem yet 
not resolved in this Investigation (see section S-M. However, the degree of 
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ACOUSTIC PRESSURE (ARBITRARY SCALE) 





Figure 5.6 Comparison between the (a) signal obtained using 
single spark discharge and (h) averaged signal 
using acoustic drivers for daisy lobe nozzle and 
conical nozzle at Mj = 0.6 
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ITRARY 








aareement. based upon a preliminary Investigation, Is rather good, and as 

NTC AT HIGH MACH NUMBER. Figure 5.9 shows the ^KtalSed^ 

ttsTTc'rp:«r 'cS;i".:'Sen 'i iLt'i?5:ii:ersrsr,nit^“vr.,n.7ih-- 

« .t L§0« the Jet noise wes dominant over the transmitted pulse (see 

?!aure 5.7) for the spark discharge case, the HTC spectra agreement between the 
t« ^thidi is very p'oor. which -as expected. Therefore ^ 

ditlons, the signal averaging seems to be a more accurate method to eva 
Internal noise transmission characteristics of nozzles. 

ACOUSTIC POWERS. F . gure 5. 10 shows the compari son of power transfer 

functloSf for the dal^y lobe nozzle obtained by the spark discharge and by signal 
averaqing methods at Mj-*0 and Mj = 1.2. As expected, the agreement between 
the pLe? transfer functions at Mj = 0. obtained by both the 

nnnd Howfivef at Ml = 1.2, the power transfer functions, obtained by both the 
S^hods^^lH acres dell even though the individual NTC spectra do not compare 
“iMn’thi "ordSrd “c (see figurl 5.9). It could be due to hinher val^s of 
HTC around e-60® where the comparison between HTC spectra obtained by both 
Ile^hoSras shL in Figure 5.9. is good and the power transfer function cal- 
culations are primarily affected by these high levels. 

The main purpose of presenting these acoustic power comparisons, however, 
is to show that the low frequency absorption noticed with the spark discharge 
method is still noticeable indicating that it must be a genuine phenomenon. 

REFLECTION COEFFICIENTS. Figure 5.11 shows the comparison of reflection 
coefficient spectra for the daisy lobe nozzle obtained by the spark discharge and by 
signal averaging methods at Mj = 0 and Mj = 1.2. The agreement between the 
reflection coefficient spectra is very good up to first radial cut-on freq 
uency (- 4 KHz) for Mj = 0 and up to 1.25 KHz for Mj = 1.2. The discrepancy at 
higher frequencies is mainly due to the difference in higher mode contents in 
the signals, by the two methods, s i nee the higher mode contents are influenced 
by the source orientation and strength. 

Since the objectives of this investigation are fulfilled by 
the daisy lobe nozzle data, presented in Figures 5-8 through 5.11, ^ 

nozzle data are not presented here, however, similar observations were made 
from the results obtained for the conical nozzle also. 


5.4 DISCUSSION AND CONCLUSIONS 


j jj j Effect of Source Intensity on Nozzle Transmission Characteristics 


It has been observed in the Figures 5-8 through 5.11 
uencies, the NTC, power transfer functions and reflection 
by the signal averaging method are relatively higher compa 


that, at lower freq- 
coeff 1 cients, obtained 
red to the corresponding 
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1 /3-OCTAVE FREQUENCY - KHz 

Figure 5.9 Comparison of NTC spectra obtained by using 
single shot spark source ( Q ) and acoustic 
source with signal averaging ( O ) for daisy 
lobe nozzle, Mj = 1.2 







. mf^thod Since the spark discharge Intensity 

values obtained by the spark • . , . signal averaging 

was much higher compared to the ° ^"^^d aiove could be due to the 

technique, It was felt t^e dlscrepancy^^nti^^ hypothesis some tests were 

intensity f duct using a spark discharge source with varying 

spa^rSlscharge ioltagl Three different spark ®5%v 

considered here, for which Of Ihe IncidlOt pulses 

rii{-,4'7'iril[,rht4rv:u.5e, WtK t» .50,. for t.., 10 KV ca« ar, 

discharge voltage. 

It should be noticed that the data shown In Figures 5.12 and 5-13 are 
for a 10 cm dj^-^ter stralght^duct^^ Wlth^ slmewhat h%h"r ! 

WhOt^OffOOl*" 5hO*iozOles have on the NTC as a function of sound intensity is 
not quite clear and needs further Investigation. 

Results oresented here for the straight duct, however, do not 
dl fferences. 

5.4.2 Effect of Jitter on Signal Averaging 

Darina the analysis of the present data using 

^el-^raa:rf^ 

differences noticed In the data obtained by the two methods. 


5.5 CONCLUSIONS 

Minor HI fferences were noticed between the data obtained from the two 
conditions. 
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Figure 5.13 Relative far-field transfer function spectra at 
various source intensities generated by varying 
spark discharge voltage for a 10cm straight duct. 
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5.6 FUTURE WORK 


The signal averaging technique described here Is undoubtedly a superior 
technique to determine the transmission characteristics of the nozzles. Two 
particular areas, however, require considerable further work. These are con- 
cerned with (1) Increasing of the range of frequencies over which the acoustic 
drivers produce strong acoustic signals and (2) the Jitter effect while aver- 
aging. 


These problems are how under investigation at Lockheed-Georgla Company. 
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6 . 


MISCELLANEOUS RESULTS AND FINAL CONCLUSIONS 


The work presented In this report describes an experimental program for 
understanding the characteristics of Internal noise radiation through multi- 
ciementi single as well as dual streamp mechanical suppressors* Over and 
above the transmission results, some other Interesting results were also ac- 
qu I red as a by-product of this study. These primarily concerned the Jet-noise 
amplification and the suppression of jet mixing and shock-associated noise. 

Due to their Interesting nature, some typical results are presented In the next 
sect on under "Miscellaneous Results". This section also Includes base pressure 
profiles with and without the tunnel flow for the single stream daisy lobe 
suppressor. General discussion followed by the final conclusions are then pre- 
sented. 


6.1 MISCELLANEOUS RESULTS 


6.1.1 Jet Noise Amplification 

It has recently been shown by many researchers [6.1, 6.2] that above a 
certain excitation level, broad band Jet noise can be amplified considerably 
by pure tone or broad band sources. Such effects were noticed In the present 
results also. 

Typical far-field time histories measured at 70® for M j = 0 and Mj«0 6 
for the daisy lobe nozzle are shown in Figure 6.1(a). The corresponding In-duct 
time histories are shown In Figure 6.1(b). The amplification of Jet noise 
following the pulse Is quite obvious In this figure which first gets amplified 
and then decays to a level that existed prior to the pulse. 

Results with signal averaging presented In section 5 Indeed confirm the 
presence of this Jet noise amplification. Due to the stochastic nature of 
both the unamplifled and the amplified Jet mixing noise, It Is virtually aver- 
aged out to zero after many averages. It was found that the averaged far- 
field pulses did not display amplification following the main pulse (for example 
see Figure 5*6). This Indicated that the amplified part of the time historv 
obtained using a single shot spark source was not related to the pulse but to 
the jet mixing noise. 

similar results were obtained at other angles and Mach numbers with 
maximum amplification noticed at 50® to the Jet axis. Limited data Inspected 
rom the jet-noise amplification point of view for both the daisy lobe suppressor 
and the conical nozzle disclosed that Jet noise amplification by upstream 
pulses was significant only for the daisy lobe suppressor nozzle for which 

the jet mixing noise was considerably lower than that for the reference conical 
nozzle. 

Similarly, the dual stream nozzles did not appear to indicate strong 
Jet noise amplification following the pulse. 
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Figure 6.1 (a) Typical far-field signals (9=70®) demonstrating Jet 

noise amplification following the pulse and (b) the 
corresponding in-duct time histories 







6 . 1.2 Jet MUing Noise 
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Figure 6.2 1/3-octave jet noise spectra for the 
daisy lobe nozzle (-^) and the 
ipe^©p©nce conical nozzle (— ^— ) at 
Mj=1.2 and TR“600 K. 







1 /3-OCTAVE CENTER FREQUENCY - KHz 


Figure 6.3 Effect of free-jet velocity on jet 
noise of the daisy lobe nozzle at 
Mj=1,2 and TR =■ 600 K for Mx = 0.0 (-A-) 
and Mj = 0.24 (-•-) 
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The reduction at low frequencies Is understandable. Low frequency "o*®® 
for the delsy lobe nozzle emanates from the so called merged flow reg on 
the nozzle system [6.6]. In this region the Jet system can be treated as a 
single Jet moving at the finally merged velocity Effect of forward velocity 
Is then to reduce the Jet mixing noise normally associated with relative 
i^oX re^ucmn [6.i. 6.71. It Is not quite clear however, why the high 
freauency noise has Increased at all angles. One would expect to see such an 
litr^srin only In th. fo~.r<l arc as noticed In our earlier studl.e w 

Shock containing single Jets [6.7]. This observed effect at high frequencies 
emanating from "pre-merged" flow regions needs further Investigation since In 
other studies [6.6] It Is found that source alteration due to flight appears 
to be primarily confined to the "merged flow region" only. 

The Increase at high frequencies noted at all angles could be a result of 
the under-expanded Jet becoming highly unstable when confuted by a subsonic co 
flowing stream. It was noticed by Ahuja [6.6] and Shut I an 1 [6.9] that under 
certain conditions If an under-expanded Jet was superimposed by a coflwing 
subsonic stream the Jet became highly unstable resulting in Increased levels of 

noise. 

In suttwnary, the daisy lobe nozzle Is Indeed a good Jet noise suppressor 
but the effects of flight largely remain to be understood. 

Jet mixing noise from the dual stream nozzles were not analyzed in 
detail at the time of writing this report. Limited Inspection of the data, how- 
ever, Indicated that the nolle benefits of the 36-chute suppressor were only 
marginal compared to the reference coaxial nozzle. 

6.1.3 Base Drag Data 

We were required to provide some data on static pressures measured In 
the base of the daisy lobe nozzle. Base pressures 

pressure ports on the center plug and four pressure ports located between the 

lobes as shown In Figure 2.6. Base pressure data for = 

and 1.4 with the nozzle operated Statically and also at ^T“0-08. 0.16 and 

0 24 Is oiven In Table 6.1. Ratios of the measured base pressure and the 

ambient pressure (=PBase/PAmblent) as a function of the radial 

pressure p^rtlare given In the table and also plotted In F gures 6.4(a thru 

6 4(d) for free-Jet Mach numbers of 0.0, 0.08, 0.16 and 0.24 respectively. 

assuming that each measurement point Is representative of the P'*®”;;''® 

over a circular strip of finite width, the data given In Figures 6.4(a) thru 
6.4(d) should suffice to provide a measure of the base drag. 


6 . ? F CONCLUSIONS 


The work described in this report rep ssents a first step 
and evaluating how Internal noise radiates through multi-element 
as dual stream, mechanical suppressors. 


In understanding 
, single as wel 1 
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Legend for M j : -o-, 0.4; -0-, 0.6;-a--, 0.8; -0-, 1.2 and 





RADIAL DISTANCE 



5.1339 0.9386 1.013 0.989 0.993 0.975 0.979 0.982 0.975 

13 . 9 l ^08 0.9386 1.005 0.91*2 0.954 0.918 0.929 0.955 0.958 























































An lAipuIse test technique developed In Phase 1 nf t-hie ^ 

Sti'rEriS 

For th6 dual str^am^ 36“chutc siiDDrassor thi» NTr anw dtc « 

Im^d I ate exp 1 anat i ons . Due* ti ' the » nteres UrirnatJrrof '’thes^^ 
in "" •>« ».«, Included In 

6.2.1 Daisy Lobe Suppressor - Transmission Results 

Static Data 

then .^’^ef:^:„2r:^n!^t rle\tfe^ 

reflecjl f:": Jeni^Slnrinrf^cneet'lS: 

apje:ri';rbe"°f™ iKrlonJ-pa^e"*"'''"’"*'’ "" 

(^) Reflection coefficients at very low freauenclec fm- ■ 

nozzles are higher than unity for high Jet^MaSI nuZrs 

(5) At zero flow conditions, the radiation Ic nn^M i i 

jf «l«" flow, refraction becomes Important Ind the pla^ ^ t'^''’" 

directivities shift towards higher angles. ^ 
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(6) Deductions made about the far-fleld radiation based upon reflection 
coefficients do not necessarily hold. For static conditions, both nozzles have 
remarkably similar far-fleld NTC directivities and spectra at subsonic Mach 
numbers even though the nozzle geometries and the reflection coefficient 
characteristics are quite different. 

(7) Exit area of the nozzles appears to determine the shape and levels 
of the far-fleld spectra. 

(8) The far-fleld acoustic power at low frequencies follows an 
relationship for unheated Jets and an relationship for heated Jets. 

(9) At low frequencies, the far-fleld acoustic power Is always less 
than the Incident power. 

(10) JetMach number has little effect on far-fleld power, especially 
at low frequencies. 

(11) Power balance at low frequencies is not obtained both with and 
without flow. No immediate explanations are available for this result at 
zero flow conditions. 

(12) When the Jet Is heated, the conical nozzle radiates more efficiently 
than the daisy lobe nozzle, especially at small angles to the Jet . 

Flight Simulation Data 

(13) Forward velocity reduces reflection coefficients, decreases NTC 
In the rear arc, has little effect at 90® and increases radiation in the for- 
ward arc. 

(14) Far-fleld acoustic powers are also reduced under (jight simulation. 

(15) Under flight conditions exit area alone may not be a good parameter to 
determine the shape and levels of the far-fleld spectra. Further work needs 

to be done to determine the effect of true flow conditions at the nozzle exit 
on sound transmission. 

(16) Under flight-simulation, the daisy lobe nozzle displayed more low 
frequency noise absorption than the conical nozzle except for Mj = 0. 

6.2.2 Multi -chute Suppressor - Transmission Results 

Vnheatcd Jets 

(I) Due to different source-sectlon configurations for these nozzles, 
the in-duct and the far-fleld time histories consist of multi-pulsed incident 
signalsand are thus different from those obtained for the daisy lobe nozzle. 

It was not possible to properly isolate the reflected waves in this case. 
Reflection coefficient data are, therefore, not presented 
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(2) Far-fleld radiation was found to be azlrtuthally symmetr c. 

(3) Low frequency radiation for both nottlas Is onoldlractlonal. 

(M Dominant radiation for both notales Is close to the Jet axis. 

then t^\ln?::;«™tany"tlSi'n«a?e't»d*therefore th. conical nottle,. 

(H The »TC spectre end the 

reference coaxial nottle that the suppressor radiates wore 

l"fft:?:l!';fa?'“i ai5l« ‘e*xl:jt « "^l« smaller then 30- where the trend 
1$ opposite. 

f7^ For a fUsd fan-jet Mach number, the primary Jet has negligible 
effect 'oi the [rentluslon characteristics of these nettles. 

(«) LOW frequency radiation Increases with Increasing fan-jet hath 

number. 

0) At Hj .0, the far-fl.ld .""“’Irsor"^^ S”'" 

Jtfrr^m^e-'riVfrrriSS Pph f - U°St! beiSS 800 Ht the mult,- 
chute suppressor radiates more efflclen y. 

(10) with flow, the suppressor radiates more acoustic cower at all 
frequencies. 

Heated Jeta 

to the unheated fan jet. 

(12) kh Is a good normalizing frequency parameter for the configurations 
Studied here* 

(13) for fixed «j„ Hj 2 and T« 2 . changing the primary Jet total temp- 
erature tends to Increase the far-fleld radiation. 


6.2.3 Jet Noise Results 


(1) For the daisy lobe suppressor, Jet mixing noise In the absence of 
Internal noise Is considerably reduced compared with the reference conical 
nozzle. Reductions of the order of 25 d6 were obtained at to the jet axis. 

(2) For the daisy lobe suppressor, jet mixing noise followinn the 
pulse, is amplified. Such amplification was not so clear for the other three 
nozzles tested In this investigation. 

(3) Forward velocity reduces the jet mixing noise at all angles for 

the daisy lobe suppressor but if shocks are present in the jet, the noise levels 
increase at ail angles. 

6.2.4 Signal Averaging Technique 

To clarify some of the doubts about the vaiidity of the data acquired 
using a single-shot spark discharge method and to improve the quality of the 
transmission data at high jet Mach numbers a signal averaging te:hnique was 
developed. An electro-acoustic driver was excited with pulses located 33*33 mS 
apart in tije time domain. Three main conclusions were reached: 

(1) In view of the prel’mlnary nature of the signal averaging technique 
develc'pment study, the agreement between the two schemes, on the average, was 
quite good. 

(2) The signal technique was superior to the spark discharge method 
for the higher Mach numbers. 

(3) The existence of the low frequency absorption phenomenon noticed 
with the spark source method was confirmed by the signal averaging technique. 
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APPENDIX A 


IN-DUCT WAVE STRUCTURE FROM POINT IMPULSIVE SOURCE 


An Impulsive point source in a free*fleld environment will radiate 
spherically. At some point In the far-fleld, the wave front will have such a 
large radius of curvature that It will appear essentially as a plane wave, 
which Is the desired In-duct condition. Shock tube studies have shown that 
a point source will propagate down the tube as a spherical wave followed by 
a reflected wave structure from the wall. This reflected wave field Is a 
function of axial distance from the source. Figure A-1 shows the evolution 
of this wave structure as a function of time and distance from the source. 

As a result of propagation non-linearities, the wave fronts of the reflections 
gradually catch up to and coalesce with the Initial spherical shock and pro- 
duce a relatively clean wave front. However, multiple reflections of those 
parts of the initial spherical wave which are at high angles of Incidence to 
the duct wall are unable to coalesce with the initial spherical wave due to 
their long travel times. This is Illustrated In Figure A-2(a). It can be 
shown that after n reflections, a ray between an on-axIs source and an on-axIs 
receiver x distance apart in a duct of diameter D, will arrive at At seconds 
after the direct ray such that 

“ • 1^0 (A-*) 

It can be seen from Figure A-2(a) that as the angle of incidence, 0 is in- 
creased, the number of reflections, n* for the corresponding ray also Increases 
which In turn increases the value of At. This phenomenon introduces a "train" 
of osc nations following the incident pulse in the pressure time history of 
the point Impulsive source. This phenomenon is quite pronounced when the 
source section of the duct is unlined. These oscillations can, however, be 
minimized by the addition of an absorbent lining to attenuate the high angle 
ref ectlons as Illustrated in Figure A-2(b) . This process, which effectively 
limits the pulse length, also reduces the total available energy by reducing 
the conical 'capture window" 9^ of the test duct. This reduction can however 
proper selection of the absorption material and the length 
it Of absorbent lining downstream of the Impulsive source. In the present 
work, for daisy lobe and reference conical nozzles, 2.5 cm thick ceramic wool 
lining In the 10 cm diameter duct with 15 cm length was used and produced an 
acceptable in-duct time history at x “ 60D as shown in Figure A-3. 

First, the Incident {outgoing) pulse Is seen In Figure A-3 to be a 

positive pressure wave followed by a rarefaction wave, it is 
similar to a one-dimensional travelling shock wave. The width of the pulse 
Is a function of the distance from the source and the initial pulse amplitude. 
The second feature Is the reflected {ingoing) pulse, which is shown to be 
a steep-fronted negative ressure wave. Close examination reveals that the 
leading edge slope Is not as sharp as that of the Incident wave. Physically 
this signifies an escape of high-frequency energy at the termination. Since 




Characteristic effects of scurca/microphone 
on measured time histories. 







Figure A-2 (a) Structure of pressure time-history from point impulsive 

source, (b) Effect of absorbent duct lining around the source 





ACOUSTIC PRESSURE 
(ARBITRARY SCALE) 



Figure A- 3 In-duct time history for 10 cm diameter duct 
at zero flow. 


17^1 



each puHc Is propagating at approximately the ambient speed of sound, pulse 
separation In time can only be achieved by proper transducer placement upstream 
of the termination. Another point worthy of mention Is that the measured time 
Interval between the Incident and reflected pulse leading edges fairly accur- 
ately defines the geometric location at which reflection takes place. 
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APPENDIX B 


DATA ANALYSIS 


In this Appendix the deta analysis procedure to compute one-third 
octave NTC and PTF values from the measured narrow band SPL date Is described. 
The narrow band SPL data for Incldentt reflected and far-fleld pulses is ob- 
tained by the Fourier transform of each pulse using a digital FFT Signal 
analyzer (see Section 2). 

The various parameters involved in this analysis can be broadly 
divided Into three categories, namely, input data, intermediate outputs and 
the final outputs. Various parameters In these categories are defined below. 

Input Data: 

a) Physical and Geometric parameters. 

^eq Equivalent nozzle exit diameter. 

Do diameter (for co-annular, outer diameter of the inner 

duct) . 

Dp* Primary nozzle diameter. 

DS Distance of the In-duct transducer from the exit plane. 

h’*' Height of the annulus at the nozzle exit. 

hp* Height of the annulus at the straight part of the co- 

annular nozzle. 

Static pressure In the duct. 

Pq Ambient pressure. 

Pf Total pressure in the duct 

Tp Static temperature In the duct 

Tq Ambient temperature 

R^(e) Position of far-fleld microphone at a polar angle 9 from 
the nozzle exit. 

Relative humidity {%) 

Ap B irDp^/4 Cross sectional area of the duct (C-1) 

( 2 2 I 

(Dp + hp) -Dp I Cross sectional area of annular duct (B-2) 


* «ily for co-annular nozzles. 

+ only for single nozzles In free-Jet facility. 




I'llf 

' 
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Calibration Data (all In decibels) 


b) 

TO obtain calibration or J-nsfa^ fhf faL’^pre^rurf laid. 

n»easurlng probes It Is Sllb^atloJ^of quarter Inch B6K microphones 

In the present ‘5® JstraJd ^ pressure transducer. 

A pressure fie d of very ;®U3ucer. At this level of pressure 

quirod to obtain a good sig . - conventional cathode followers, 

field, the quarter Inch Jj’ this problem, a quarter-inch 
were getting saturated. Therefore, to a vo^^ (Type 2618) which hod a bullt- 
B&K microphone with a specie catho^ foll^^^ V YP^ 

In amplifier to amplify (SM), could measure a high Intensity 

probe, referred as a special ?’ built-in amplifier, when placed 

pressure field, with 20 dB Swdliate pressure fields without 

against the transducer and ® uhen olaced against a conventional micro- 
any amplification or the special microphone was used as 

Snrtrrl^UtI°ir^'tnbUin th. calibration between con«ntlonal micro- 
phones with respect to the transducer. 

TO read abaolut. sfi f ''' 

tape, a reference sine ]J“he correspondin, tape recorder channels 

by each microphone, was als iiuratrir The recorded test data was analyzed 
«ing a stenderd pl»ton^o"« (s^UJr^lth has got a bullt-ln 

using a duel channel f" f ^ w tfe manlmum of M dB. To 

attenuator to attenuate recorded sine wave signal, from one 

Initialize this aatlor^^^ corresponding to 9 - 120® 

of the channels, (for this ^ . . suitable attenuation setting 

was chosen) was Fourier . . transformed value at 1000 Hz was set to 

(reference attenuation, RATH) and the transror v 

Lro. Therefore, the zero read no wlth^thls^^^^^ 

would correspond to a value recorder channels for other micro- 

wave signal recorded transformed and the corresponding readings 

phone angles (e) were then These readings were used In the data 

at 1000 Hz (FC(e)) were noted down. These reaoings 

analysis to evaluate the SPL values. 

ourlpg the data acgulsltlan praise. ”-f,;;l;:4‘7s“'dI?"f.rant 

settings (ATN(6)) were ^ Therefore . the difference bet- 

from the reference U ret~« w th- reference etteno- 

ween the Individual ««"4?*'”4“4Ll'u“,sls U get proper SPL values, 
atlon (DATN(9)) were used In the data analysis to g 


SM/T(f) 
M/SM(f .9) 

WC(f) 


Calibration between a special microphone and In-duct 
transducer at a frequency f (narrow band) 


Ibratlon between the microphone ' t I oned at 9 
_-i_, _ I . ..rsnUawnds a«- freaiiencv f (narrow 


band) 

Effect of wind screen on far-fleld SPL at frequency 
(narrow band). 


f 
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FC(0) Values read for 1l<idB 1000 Hz with reference amplifi- 

cation, RAMP (O) and nt rence attenuation, RATH on 
SD~360, for the microphoie positioned at 0, with respect 
to that at 6 a 120°. 


FR(e,f,/j) 

FFC(f,/3) 

AMP (e) 

ATM (6) 

f 

^ 1/3 


Frequency response of microphone positioned at 9, at a 
1/3"OCtave frequency of ^1/3’ 

Free-field correction of microphone for a 1/3*octave 
frequency of 

Amplifier setting for the microphone at 6 during the test. 

Attenuation setting on SD-360 for the microphone at 6 
during data acquisition. 

Narrow band center frequency with a fixed bandwidth 
One-third octave Center frequency. 


c) Acoustic Data 

SPL |(f) Incident SPL at frequency f, (narrow band) 

SPL f (f)"^ Reflected SPL at frequency f, (narrow band) 

I 

SPL |r(f,6) Far-fleld SPL for microphone at 6, at frequency f, 
(narrow band) 

* I I 

Note; SPL |(f), SPL |.(f) and SPL f(f,0) are measured with respect to 
114 dB at 1000 Hz for microphone at 0«120° with RAMP(6) and 
RATN. 


Intermediate Outputs (all in deoibele) 


c,(f) 


Cd(«) 

DAMP(e) 

DATN(e) 

M/T(f,0) 

[M/T(f)] 


Humidity correction at frequency f, per unit distance, 
= function of Rh, Pq, Tq. 


Distance correction to obtain the SPL level at (00 x D. 
for microphone at 0 

« 20 Lo 9 ^q(R„ (0)/(1OO X Deq)) 

RAMP(e) - AMP(e) 


ATN(e) - RATN 

Calibration between microphone at 9 with respect 
to in-duct transducer at frequency f 
= SM/T(f) f M/SM (f,0) 

AVR Average calibration value at frequency f. 

_L (MA(f,0j)) 

n 10 J 

(10) ]/n 

J“1 

n being the total number of far-fleld microphones. 


10 Log 


10 


t Only for single nozzles In free-jet facility. 


eq 

(B-3) 


(B-4) 

(B-5) 

(B-6) 

(B-7) 
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SPU,(f) 


Absolute value of Incident SPL at frequency f| 
(narrow band) 


= SPL I (f)+[M/T (f) + 111» (B 

SPLp (f)"^ Absolute value of reflected SPL at frequency f 
(narrow band) 

=» splV (f) + IM/T (f)] ♦ n't (B 

SPLf (f,e) Absolute value of far-fleld SPL for the microphone 
positioned at 6, at frequency f (narrow band) 

= SPl'^ (f*0)+Ch(f)x(R^(0)+DS) - FC(0) + 0^,(0) + 

DAMP (0) + OATN (0) + WC(F)** (B- 

Note: SPL|(f), SPL|-(f) and SPLf (f,0) are calculated assuming flat frequency 

response for far-fleld microphones and without any free-field cor- 
rections, since these corrections were not available at narrow band 
frequency. However, frequency response (FR (ft/3»S)) and free-fleld 
correctIons(FFC(fi/ 3 )) were available for 1/3-octavef requencles, and 
therefore, were applied to the final 1/3-octave SPL data. 

[FR(fi/ 3 ) Ia^i^ Average frequency response at f^^^ 

1 (FR(ft/v®j)) 

n To '/3 J 

“ 10 Log.Q (10) ]/n (B- 

j-1 I 

SPL^(fj^j,6) Absolute 1/3”octav6 far-fleld SPL at 0 and at 


frequency f^^^ 

^u 

» 10 Log-f,[^ (10) 


SPLf (f,0)/1O 


] + FR (f,/3,0) + 


FFC (f^/j) + Free jet correction 


SPLj (f ^^j) Absolute 1/3*octave incident SPL at frequency f^^^ 


£u SPL|(f)/10 

10 Log^Q U (10) 


1 * [FR(f,/3> W 


:|: Only for single nozzles In free-Jet facility. 

windscreen*, were used to minimize the Flow noise at small angles to 
the jet axis for microphones placed at polar angles of 0°, 10°, 20° 
and 30°. Therefore, windscreen correction Is applied to these micro- 
phone data. 
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SPL^(f^^j)+ Absolute 1/3-octave reflected SPL at frequency f^^^ 


where 


OASPL^(e) 


OASPLi 


OASPLi 


OASPL. 


where, ASj 


f.. SPL- (f)/10 
10Log,otf (10) ^ 


FFC(f,/,) 


'I 


(B-1A) 


lower frequency for l/3"Octave center frequency of f|^j 
1 


f,/j/(2) 5- 


(B- 15 ) 


Upper frequency for 1/3-octave center frequency of 

^/3 

1 

= fj^^ X (2) V (B- 16 ) 

Far-field OASPL at 0 


10 Log 


10 


m (SPLf (f,y,,6)/l0) 

fl 10 ]. 

i-1 


(B- 17 ) 


m being the member of one third-octave frequencies 
Incident OASPL 


10 Log 


10 


j=1 

Reflected OASPL 


10 Log 


m SPLr(f,/,),/10] 

[I 10 J 


10 

j=i 


Transmitted OASPL 

m , SPLj(f, .J./IO 

= 10 Log^Q ti 1(10 )(1+M|))^ - 

J = 1 

SPLr(f,,J./10 ^ 

(10 )(i_Mp)2|] 

PWL^(f^^j) Far-field PWL at frequency 

_i_ " SPLi:(f . )/10 

- '“‘•og.o jl, 10 -BSj] 


eleroentdl area associated with microphone at 9j 


PWL| (^,^ 3 ) Incident PWL at frequency f 
- SPL,(f,. ) + 10 Log* ( 


(1+/(^)2.A, 


10 ' Pnc 


d^d 


(B-18) 


(B- 19 ) 


(B-20) 


(B-21) 


(B-22) 


t Only for single nozzles In free-jet facility. 
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PWL, 

PWLj(fj^j)^ 


OPWLf 


OPWLj 


OPWL^**" 


OPWL^'*' 


Reflected PWL at frequency f 1/3 

- S'‘'-r<f|/3> * '« ^oo.o'TiTo > 


(B-23) 


Transmitted PWL at frequency f^^^ 

I SPL|(f,.J/lQ , , SPLr(fi/ 3)/10 

= 10Log,o[|lO ;(1 +Md)2-|iO 


d-Mp)2] + 10 Log,o(^ ) 


10 Log^^ [i 10 


Overall far-fleld PWL 

m ^^(PWLfr(f,/ 3 )j/lO) 

j=l 

Overall Incident PWL 

m (PWLj{fi/ 3 )./ 10 ) 

-10 Log,. [I 10 
J-l 

Overall reflected PWL 


10 Log.Q[I 10 

j “1 


ffl (PWl.r(fi/3)j/10) 


Overall transmitted PWL 


m (PWLt(fi/ 3 )i /lO) 

10 Log,otI 10 3 

j -1 


(B- 2 A) 


(B- 25 ) 


(B-26) 


(B- 27 ) 


(B-28) 


Final Outputs (all in decibels) 

NTCi(f^/ 3 , 0 ) Normalized transfer function (or coefficient) 

with respect to incident SPL at a frequency fi /3 
for emission angle 0 . 


= SPL^:(f,^ 3 ,e) - SPL|(f,^-) + ’0 Log^o (FACT 1 ) 


where 


FACT 1 


Air(lOOxDeq) Pg 

Ag(1+Mg)^P, 


/V 
o V To 


(B- 29 ) 


t Only for single nozzles In free-Jet facility. 
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where 


NTC (f Normalized transfer function (or coefficient) with 

t respect to transmitted SPL at a frequency 

emission angle 8 . 

- SPL,(f,/3.9)-10 Lo3„( llO*’’'"' 

-|l0 ''"'•'■‘''/s’''" |(i-m„) 21 ♦ 10 log,„ (FACT 2) 
4ft (100 X Deq)^P|) f*o 

Vtd 


FACT 2 


PTF^(f,^3>t 






N0SPL,(e) 


%'**o 


(B-30) 


pjF (f ) Power transfer function with respect to Incident 

^ ^ power at frequency f^^j 


(0-31) 


Power transfer function with respect to transmitted 
power at frequency f^/j 


= PWL^ (f^/3) - PWL,(f,/3) 

Reflection coefficient* at a frequency f ^/3 


(B-32) 


SPLr (f„j) - SPL, (f,/3> 


(B-33) 


* 

Reflection coefficient* corrected for Mach number, 
at frequency f ^»3 


l-Mp 

aCfj/j) + 20 Lo9,o 


(B-34) 


Normalized far-fleld OASPL with respect to Incident 
OASPL at e 


OASPLf(G) - OASPL I 

[4Tr(l00xDeq)2pD 


+ 10 Log 


10 


.Ta 


Ad(1+Md)‘ 


(b-35) 


t Only for single nozzles In free-jet facility. 
o(fi^ 3 ) and 0 |^(Pi/ 3 ) 
plotted In the main text. 


* '^M^^l/3^ appear In the data tables. These are 
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NOSPLt(e)'^ 


OPTF, 


OPTF+ 


+ Only for 


Normalized far-fleld OASPL with respect to transmitted 
oaspl at e 

1 l..(SMxDe,)2Pc /t7 

. OASPL, («) - OASPL, ♦ to Loojjj— jjTjj | (B-36) 

Overall power transfer function with respect to overall 
Incident power 


= OPWL^ - OPWL, (B“37) 

overall power transfer function with respect to overall 
transmitted power 

= OPWLf - OPWLt (B-33) 


single nozzles In free-jet facility. 
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APPENDIX C 

test conditions and corresponding transmission data 

purple of thU 

data obtained from B The test conditions, both nominal 

transformations described In Appendix B. 1/3-octave normal- 

mi exact, are tabulated tn for lobe 

nozzle and the correepondins referent cwUal j>zZ^ Jfth respect to 

aneously. These transfer ^ and PTFt) SPL. The 1 / 3 -octave 

incident (»TC| and PTF,) ^d tran^ted WTC, and^PT^^ „ultl-chute 

normalized transfer function and powr „axlal nozzle are only pre- 

Sd“rth"°riiiicr«'incrd^nri?b 

;i;a"^tr're“:;e« "to^lld^St'^Jt; ::d“pTP,) anS transmitted (KOSPL, and 
OPTf^) data are also presented. 

nppenii^x'r rur- thrrrer«;s ?:So-rraSt"^:?.:ters 

that appear In the data tables are listed below. 

UT/S (« 0 l Normalized transfer function (or coefficient) with 

NTC| (fi/ 3 . 0 ) respect to Incident SPL at l/}-octave center frequency 
of f^^j and at emission angle 9. 

HTC,(f,y3.9)^ 


PTFi (t,yj) 
PTF, (f,/,)* 


N0SPL,(9) 


resT:citrr:rsitt%:rrprst‘^;^Tcr,i:'reSl.:'s.dd.ncy 

of f^^j and at emission angle 9. * 

Power transfer function with respect to Incident power 
at 1 / 3 -ortave frequency of f |/3 

Power transfer'functlon with raspact to transmitted 
power at 1 / 3 -octave frequency of f ^/3 

Normalized far-fleld overall SPL with respect to 
Incident overall SPL at emission angle 9. 


MOSPL (9) + Normalized far-fleld overall f ^ 

N05PL^.k«; transmitted overall SPL at emission angle 9. 


+ Only for single nozzles In free-jet facility. 


The NTCt values, even ijltten"’up? ’^Ou^to^the 

iMs^rara-ter and ?or the sake of completness this 

• . I 1 c: cknnfa>nHtx. 



Qpjp Overall power transfer function with respect to 

I overall Incident power 

OPtP t Overtll power transfer function with respect to 

^ overall transmitted power. 


^ Fully expanded model Jet Mach number 

f Free Jet Mach number 

_ f Reservoir temperature for model Jet, K 

' R 



+t 

+t 




Ambient temperature, K 

2 

Ambient pressure, N/m 

Fully expanded primary Jet Mach number 

Fully expanded secoiuJary (co-annular) jet Mach nuirijer 

Reservoir temperature for primary jet, K 

Reservoir temperature for secondary Jet, K 


Mote- The linear value of the reflection coefficient, corrected for duct 
Mach number (I.e. [p^^O-Mo)^]/ [pjMUMo)"] ) becomes greater than 
unity for certain frequencies for a few flow conditions {aotmlly 
only foP 8 out of a tot<xl of ISSO epeotral points), this was found 
to be so onlv at high frequencies and Is attributable to possible 
errors In single point In-duCt measurements at high frequencies. For 
these cases, asterisk (*) marks are put against the corresponding 
frequencies In the dete table* 


For some test conditions, the data was analyzed only for a limited 
number of polar angles. Since the signal was highly contaminated with jet 
noise for the remaining angles, the data was not analyzed for those angles. 
Therefore, the power transfer funt .ons, calculated for these cases were 
based on the limited number of polar angle data covering a fraction of the 
spherical area at the polar radius. 


t Only for single nozzles In free-Jet facility, 
tt Only for co-annular nozzles. 
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Table C.1 Nominal operating conditions for the daisy lobe 
add the reference conical noz:.le 


Run 

No. 

Hodel 

Jet 

Free Jet 

Page No. 

Daley 

Lobe 

Nozzle 

Conical 

Nozzle 

Mach No. 
Mj 

Reservo 1 r 
Temp., Tr 

Mach No. 
Mt 

NTC, 

NTC^ 

19 

89 

0.0 

Ambient 

0.0 

192 

193 

20 

116 

0.2 

Ambient 

0.0 

194 

195 

13 

91 

0.4 

Ambient 

0.0 

196 

197 

14 

106 

0.6 

Ambient 

0.0 

198 

199 

15 

110 

0.8 

Ambient 

0.0 

200 

201 

17 

123 

1.2 

Ambient 

0.0 

202 

203 

41 

121 

0.0 

Ambient 

0.08 

204 

205 

46 

93 

0.4 

Ambient 

0.08 

206 

207 

81 

109 

0.6 

Ambient 

0.08 

208 

209 

53 

113 

0.8 

Ambient 

0.08 

210 

211 

39 

120 

0.0 

Ambient 

0.16 

212 

213 

48 

96 

0.4 

Ambient 

0.16 

214 

215 

36 

108 

0.6 

Ambient 

0.16 

216 

217 

54 

112 

0.8 

Ambient 

0.16 

218 

219 

56 

115 

1.2 

Ambient 

0.16 

220 

221 

GO 

119 

0.0 

Ambient 

0.24 

222 

223 

49 

97 

0.4 

Amjient 

0.24 

224 

225 

37 

107 

0.6 

Ambient 

0.24 

226 

CM 

CM 

55 

111 

0.8 

Ambient 

0.24 

228 

229 

70 

98 

0.8 

600K 

0.00 

230 

231 

86 

100 

0.8 

600K 

0.08 

CM 

CM 

233 

85 

101 

0.8 

6ook 

0.16 

234 

235 

128 

103 

0.8 

600K 

0..4 

236 

237 

GO 

99 

1.2 

600K 

0.00 

238 

239 

34 

105 

1.2 

600K 

0.08 

240 

24l 

129 

102 

1.2 

600K 

0.16 

242 

CM 

130 

104 

1.2 

600K 

0.24 

244 

245 


Table C.2 Nominal operating 
and the reference 



Run 

Ko. 

Model 
Mach Ni 

Multi -chute 
Nozzle 

Reference 
Coax! all N&zzle 

Mji 

144 

168 

0.0 

145 

169 

0.4 

152 

174 

0.0 

153 

172 

0.8 

154 

171 

0.8 

157 

176 

0.8 

159 

177 

0.8 

160 

179 

0.8 

162 

178 

0.8 

162 

175 

0.8 


tions for the mult! -chute 
al nozzles. 


Jet 

jmbers 

Model Jet 
Reservoir Temp. 

Page 

No. 

Mj 2 

■^Rl '*^82 

NTC| 


0.0 

Ambient 

0.6 

Ambient 

1.2 

Ambient 

1.2 

Ambient 

0.9 

Ambient 

1.2 

Ambient 

0.9 

Ambient 

0.9 

45OK 

0.9 

675K 

0.9 

Ambient 


Ambient 2^»6 
Ambient 2l>7 
Ambient 248 
Ambient 249 
Ambient 250 
600K 251 

900K 252 

600K 253 

900K 254 

600K 255 


Table C. 3 E«act 0|>aretln9 ewdltlons for the daisy lobe aoMle. 


Model Jet 



0.^»732 

0.6539 

0.8424 

0.8C87 

0.8107 

0.8261 

0.8470 

1.2087 

1.2093 

1.2123 

1.2242 


0.1598 

0.1598 

0.1596 

0.1596 

0.238 

0.237 

0.2371 

0.2366 

0.0436 

0.0827 


0.2391 

0.0662 

0.0758 

0.1610 

0.2348 


Ambient 


Temp, 

To (K) 



MTCi NTCt 


9.75 
9.75 
9.75 
9.75 
9.75 
9.75 
9. >5 
9.75 
9.80 
9.79 
9.75 
9.75 
9.75 
9.79 
9.79 
9.75 
9.75 
9.75 

9.79 

9.80 

9.8o 

9.80 
9.72 

9.80 
9.80 
9.72 


224 225 
226 227 
228 229 
230 I 231 
232 233 










e C.k Enact operating conditions for the reference conical 
nozzlet 



Hodel Jet 


servoi r 


Mach No. 


303.3 
290.6 
29*1 

294.4 
292 
290 

293.3 
291 

294.4 

289.4 
291.7 

289 
290.6 

289.4 

389.4 

290 

289 
291.7 

290 

609.6 
600 
600 

595.6 
595.6 

599 

600 
600 


Mach NO. 


0.8117 

0.8260 

0.8386 

1.2103 

1.2003 

1.2156 

1.2342 


Free Jet| Ambient _ 

Temp. Pressure . 4 
To (K) Po(N/m^)xia 


295 

296 I 

296 I 

296 I 
296 
296 
296 

295 

296 

297 
296 
294 

I I 

298 

0.1571 I 298 

0.2375 296 

0.2343 294 

0.2388 298 ' 

0.2375 298 

0.043 1 305 

0.0817 I 300 
0.1598 296 

0.2388 297 

0.0684 308 

0.0828 I 307 
O.16I5 29 . 

0.2388 297 


Pav,e No. 













Table C,5 Exact operating conditions for the myltl-chute nozzle 


Run 

No. 

Jet 

Mach 

Model 

No. 

Reservoir Temperatures 

(Kl 

Ambient 

Page No. 

NTC| 

Temp. 

Tq(K) 

Pressure 
pQ (N/m2)Xl6‘* 

“fcn 

M.J2 

Tr, 

■H 

IQB 

mm 

IDi 

287.2 

289.6 

297.2 

9.79 

246 

KH 


mm 

283.9 

284.4 

285.2 

9.79 

247 

ISM 


■n 

286.1 

286.1 

286.4 

9.79 

248 

m 

mm 

■HI 

286. 1 

285.6 

286.6 

9.79 

249 

154 

||B 

0.903 

286.7 

286.1 

286.6 

9.79 

290 

157 

0.802 

1.237 

289.4 

594.4 

290.4 

9.86 

251 

159 

0.8 

0.961 

296.1 

877.8 

292.3 

9.86 

252 

160 

0.821 

0.917 

441.1 

597.8 

295.9 

9.86 

253 

161 

0.837 

0.970 

654.4 

902.8 

309.1 

9.86 

254 

162 

0.799 

0.925 

302.8 

594.4 

295.8 

9.86 

255 


Table C.6 Exact operating conditions for the reference coaxial 
nozzle. 


> i' 


Run 

No. 

Jet Model 
Mach No. 

Reservol r Temperatures 
tK) - 

Ambient 

Page No 
NTC| 

Temp. 

To(R) 

Pressure _ ^ 
Pq (N/m2)XlO 

Mj, 




168 

0.0 

0.0 

292.2 

286.1 

294.3 

9.76 

246 

169 

0.399 

.599 

281.0 

282.2 

284.4 

9.76 

247 

174 

wmm 

1.196 

281.0 

281.0 

296.0 

9.76 

248 

172 


1.196 

280.6 

281.0 

296.0 

9.76 

249 

171 

Hi 

0.895 

280.0 

281.0 

284.9 

9.76 

250 

176 

0.8 

1.228 

298.3 

593.3 

295.1 

9.73 

251 

177 

0.797 

0.975 

295.6 

898.9 

301.7 

9.73 

252 

179 

0.818 

0.929 

446.1 

597 8 

302.2 

9.73 

253 

UP 

0.840 

0.964 

658.3 

873.3 

311.2 

9.73 

254 

175 

0.795 

0.931 

292.2 

601.1 

293.0 

9.73 

255 



















1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTCj) 


Mj= 0 = 0 


DAISV LOBE NOZZLE (run no = t9 ) 



lf*ISStUN CRlLATIV( 10 Jpt MhAV^T) RCFfRCNCCI) TO MIZ7LE EXIT 

» IJECmtS ) * 

I «. •«. »ti, iv, 4u, eul ta, 7u. in', 8a, tag'. Mo, »?g, 

*2 *??■*? ’^2*® »,|o 3-gjj a, „ . 

•s ’IM '\vi 1 « I: M 

:J .«:J .1:4 ,5;? :5:J :i:i .Iib 

: III III :fl :?*; •?* 

0 ^4 ? lia 11 It -?*J ’2*.2 “?’S ‘i'l •'•s •«.? •«,« 

4 ii i*f H !•? ’'A •'•■* '“•* *'•8 -s*" -«i2 •«:« 4:0 4:3 

3 8*0 6*3 ir'2 *'? *i*S *?'l “•* *6.0 - 0,8 

9 3 4 5*i «'! B*« "i*2 *J'2 ’S**' •8*® •B.e .;,6 -8,J .9,B 

:* I j J'S 2'J M III 'll i*i 'll •8.^-»2.?-«s:«-i6:o.t*:9 

3 9 7 0 3 0'*2 ?•? •f*2 :®*9 •9.2->«.8-I».4.10,4-M,| 

3 A I i*J i<*S «t«o •a,e •?,; 

0 8*1 4*2 o'x "l*S I'l * "J "H** *8*8 •'.3»»0.8 -9.9 -9,8 

4 *2*f ?•! -4,0. •fl.e #7, a •ea7«i3.9 

:? -oio ll:\A 1*5 i*i 34o:i.lS S:li:S 

3 13*2 *8:8 ri'7.M*2 »*» *V» *i*5“."i*J*'®** "*.3»I8.8»>4.8.I3.4 

s olt .? « *2, 4 .|o,2.|0,J«m. 9.10, 9.10, 1.10.8 

4 29*1 0*4 "!7'“o"'S*S '2^2 .?*?*"*8 “®*8 *«.*«U:.e.l6.4.l3,4.|olo 

*^.0 *8«8 9.0 il.t.lu. 8-19.0.17. 9. 10. 8.12. ft. aafg.aifi 


0.2 > 1.0 


8,0 1.3 >1.8 

•9,a 2,9 

1,0 3,4 


•a.o 4,9 


.9 >9.3 >0.9.1«'.u .C,c •*.9.10,9.12.4-11,8-14.0.13,; 


CONICAL NOZZLE (run ;io = es ) 


IMI89IUX aNCU, (RUAM t |«pJtJ^C;*-J»<8T) rttrERUC^O TO KPZZLE EXIT 


80. 3«, 4u, e«; 


tU. 70'. 80 ', 90, lOo', 110. 120. 


*fi^?*?l*2*f®* ***^*^*®^.8*89, 0-29, 9>22, 0-27. 7.24 S.aj' a 

:l : :l :S:;s:.i:f!:tiL1:S:!:iLl:i;;i:fji:fi^ 

1,0 -P.8 >1.0 „8.t -J.9 *3,; , 3,0 .4.7 >9.0 -O^O -9.8 

•3. 9 •J,S m$^2 •9.1 mS 6 

ll 2*9 A A ‘“*2 **'••' 4.*; .2 a 4 ? 

w*? ^*S *9,9 •s.a *4.g •d Q .• II 

l«*I #*. 3*5 I’t “*f *3*® •®*3 "'*2 

S;® .*:! !:.* :5:! :;:C:::C:l;;.:!*’ :i*; 

ia^« fi‘g o*S rl^i "^*li *5*'* *S*® *®*i?®ioi3»iola 

II P 3 4 •9-3«ll.l-l2*0-l8l3H3lp 

I' 9 0*9 .1*U J*^**5..9-I4,a.|0,7.|;.8,|7,e 

NOSPL^ ^ 

•1-.3 -8.3 -7.t .8.0 •9.8-10.7.12.2-11.4.13.3.13.3.13.2 


2.0 1,8 
2.9 2.1 

3.3 l.-t 
*.« S.C 


.4 •A'.S 

.0 -2.3 
3* -2.7 

38 - 6.0 

iM -7.S 
.0-M.l 
,4 -e.e 







1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTC^) 


0 


DAISY LOBE NOZZLE (run ho= '9) 


RCQ 

.250 

.315 

. '400 
,500 
.630 
. BOO 
1.00 

1. ?5 
1.60 
2.00 

2. SO 
3.15 
M.OO 
5-00 
6. 30 
8.00 
to.o 
12.5 
16.0 
? 0.0 
?S 0 

^1 .s 

kr . v1 
, 0 
. 0 


iKlUiMON ANUI IRLLAMVI "l-SCLO TO K«Z/Uf fKH 


RTF, 


Ha 


IV,? •2«,« 
16a3 •l?.2 
I4,Q •M.V 
tr,3 *11.4 


-e.v 
•a. I 

• 4 »fi 
•3aV 

•2.7 
-2.V 
«t ,3 

•«.V 

•1.4 

«,7 

a 7 

-1,2 

•»,2 

•a.« 

• C ,0 

. 3.1 

■ 3.5 

• * tt 

2 .V 

7.4 


.7.4 

•9.6 

•a, 2 

•4.7 
• 3-« 
•4.4 

1.6 

2.6 

3.2 

4.5 

8.6 

7.3 
C.2 
e.e 

5.V 
4.9 
9.8 
V.6 
13. V 
21.4 
27.2 


s 


• 18.7 
.14,9 
>12.6 

• 9 .I 

.4.9 

• 3.1 
•2.4 

• 1,7 

41.11 

2.4 

4.1 
J .5 
6.6 
6.7 

I2.U 

V.7 
I ( .u 

6.2 

?.l 

• 2.4 
•0.5 

3.6 

14.6 

21.4 


*•1, 3U. 40, SF. tu. *“• 


* I 2 ^ 0 * 
•9.6 
• 6*^7 
-?,7 
-«,V 
•0^ I 
«.<» 
7 ].? 

f"*' 

».? 

9’. 4 

to.? 

a’. 4 

•Q . 4 

I'.l 

4> 

-7.9 

-9-,1 
• 6.4 


iga2»22aC» 

1 1 ,e»ie'.2« 
• 9.6^ IS .7* 
-6a9»12.e* 

•J.O •7,7 
.1,4 .S.S 
•fl,7 •S^B 
-O.l •2.4 

1.4 •U,6 
3,6 -0.1 

4.8 U.t 
6,J -0,4 

6.5 * 2,1 

6.6 •4.5 
9.2 -U.7 

2.9 -U .2 

•4,5 3.9 

1.7 4.3 
-2,3 -4.3 

•10,7 •4.4 


1trt»l7,9-iHt6-l9,e- 
ier3-l4.6*15,l*|6,S- 
12 12,2- 1£ 4, !• 

li • I «9 .4« 10aO«t I *2- 

»e;.6 

”4,6 

■ 4, \ 
■3.4 
• 2,6 


—6 ,4 

•4,8 -5,4 

-3.C 

-2,9 -3,4 

•3,1 

•2,1 -2,9 

-2. *2 

•i«e -2,2 

•1 W€ 

•U»l -1,1 

-0.8 

i:,2 -U,7 

9,1 

u,9 -0,4 

i).t 

1,2 -0,1 

-9 ,'9 

u , 4 —1,3 

.8.7 

•2.3 .4o6 

•3«t 

0,6 -2,6 


•2.4 

-2,1 


•9,4 
-7.0 

|-I0,4 
•8.9 11,8 
-7,3 “ 


-3,2 
•7,7. 
• 6,2 

• lI; •8.t»l(i«4 *6.2 
if ,rC i«a3 — V.4 —2,3 
2ri •3.2 •3,6 -SaO 
I;VC -5,3 -9,7-13,8 
5,‘i -7.e«l3,6-l9,l 
3 0,3 -7,2-12,5 
-U,fC •u,S -9a7*ll,2 
4 ,r5 •6,6 -9,4 —9,4 
7,.3-IU.4 -8,4 -BaS 
7".t I2,t -8,7-14,u-l?,_7 


4.4 

6,0 


l7,4«2U.t 
I 4 , 6 »l 6 , 7 - 
l^,4.l4,6- 
10,2*M,6” 

-6,1 -7,6 
•4,3 *6,2 

•3,6 *5. 9 
•3,6 •6.U 
•2,9 -S.b 
•3,1 -4.9 

-3,1 -5.3 
•3,5 -S,/ 
•5,5 -7.2 
*\ 1«6*14,5 
-6,6 *8.4 
•4,4 »4,5 
-6.2 -9.H 
• 7',0 -6.6 
-14,8— l6.7 
-l6,0-i9.V 
•II ,6-i3.3 
•8,3-15,7 
11,I«1B,7 
•I2,4«|5,5 
-16.1-10.0 


19.3- 19.8 

16.3- 16,6 
14,1-14,3 
11,6-11.6 
-7,2 -7.1 
-5,6 -5,5 
-5,2 -5.2 
•5,2 -5,2 
•4,6 -4,8 
-4,6 -5,2 
-4,9 -5,5 
-5,4 -6.3 
-7,8 -9.1 

-15,9-16,9 
-7.4 -8,1 
-5,2 -6,0 
-8,8 -8.6 
-7,9-l2.7 
-18,5-l l.l 
-15,6-10,2 
t0,3«10,2 
-13,2-12,4 
-15,3-IOaO 
14,3-14,9 
21.5-18.9 


OPTF^ 


24.2 


■ NOSPLt 


1 .4 


.1.7 .3'.0 -4.3 -7.^ -8-7-10.! .9.5.11.7-11.9.11.6 


CONICAL NOZZLE (run no = 83 ) 


IRlSSlON aM-LL CPtLAnvl 10 Jj'" HITEHEKCEO TO A 0 Z 7 LC tXU 




1 RFQ 
KHZ 
. 2 SO 
.3 IS 
. '(00 

, f> 30 
. 800 
1 .no 

1 . ?s 

1 . 6 c* 

Z .00 

?.S0 

3 . 1 s 

4.00 
s.on 
6. 30 
R . (y > 

« 1 0 . 0 
U.S 

16.0 
ZO.O 

?S.o 
31 . S 

40.0 

50.0 

LilLiLJ. 


•22. a 

• »e.7 
•»6.7 
*3.t 

19*6 

• 7.7 

•5 6 

-4.4 

• 3,6 

• 2,5 

• 1.3 
•6.3 
•^*2 

U.4 

2.5 

9.6 

7.2 

1.6 

4,6 

•4.7 

4.9 

4.6 

3.2 

2.6 
*.« 


9 • 

•21.3 - 

• • t , • 

•K.9 ' 

• ’,4,3 1 

• 7,1 
-4.2 
•1.7 

4.4 

1.4 

3.3 

5.3 

7.4 
B.e 
v.e 

12,1 

12, 2 

24.1 

13.5 

14.2 

14.5 

17.4 
l7./ 

21.3 
19.7 
16, V_ 


10. 


:r,4 - 
21.4 . 
19,2 
I I .6 

• 7.S 

• 4.9 

-2,3 

• 0,6 

0.7 

2.5 
4,7 

6.4 

7.6 

9.5 

12-4 
12,1 
20 ,Ti 
14.4 
• 6.4 
It. 7 
18.0 

17.3 

19.3 
I 9 ,H 
17. J 


JU. 40 , to# til, 7 »a, Bo, 90 , lOU. Mil. 120 , 


*18, 7-24. 4«21. 2*20,5 
»I5,6«20.1«17 8*«7,2 
*I3,7«17.9*»3,6 |5*3 
•11,9— 14,6*1 3,4*l3,l 
• 9.6»11.4-10,7«l0.,5 
•7,0 -8.2 -8,1 -7,9 
■6,2 -6.3 -6,3 
.8,3 -8.4 -8,4 
•8,2 -S.S -Q.D 
*3,5 -4.9 -4.8 
lie ••.,! -I.U »2.4 -3,1 •4,8 *4,6 
- * *4.7 -4,7 
•6,1 •6,2 
*8.3 -6,8 

>I0,U«1 1 *0-11 ,0«t 1 *2 
l-IO.e-l 1 ,2-!0,8-l 1 .0 
I -O.l -S,3 -5,7 -6.1 

1- 10,9. 11. 7-12, 1.13.5 
l.|3,2-14,4-16«0-14,6 
B*l6.6-10.6-ie,0* ifl.b 

2- 14, 5-18, 4-16, 9-17.3 
|.|6,8-20.9*19,8«19,8 
••t8*6-tH*6-l8,2-?U*0 
/•17, 2-20, 9-18, 7«22,0 
8-12, 4 (• I 7.2-21 ,9-27.4__ 


20 V 

JU, 4U, 

•ae'.i* 

18,6-24,8- 

i2l,4*l5.U-l9.9- 

.toil- 

ia,9-i7.«- 

-9,6—10,7-13,7- 

-6,7 

-8, 1-10,2 

-a-v 

-4,8 *6,3 

-<l,6 

— 2,8 —3,4 

t;o 

•1,3 -1,8 

2.3 

-0,1 .0,3 

4^0 

1,8 0,9 

6.7 

3.2 2.C 

?\7 

4,7 J.O 

8^6 

5.J a.! 

10^4 

e.i 3.! 

i3;i 

9. a 6.7 

lltn 

7,4 3,4 

• 9.J 

10,6 3,7 

nil 

7, a 0,7 

1 1 .0 

2,9 -3.7 

P*,V 

1,2 -2.2 

7.7 

2,3 -2.4 


1.2 -8,C 

6^2 

0.5 -7^4. 

7^? 

-3,7-10,2' 

H‘,4 

• 8.7 -7,1' 


•5,1 
•4,4 
• 3,9 


• 3,3 
•4,7 
-7,1 


-4,7 
• 4,9 
-5.8 
•7.2 
-9.7 


Of n - 


' Nosri 


5*.5 •7,4 -4,7 .t.a -t,A' -7,b -9,3 .8, 7»1 0 ,5- 1 0 ,5- 1 0, 4 


. 'X 


Oi'.!' mZ,.'.!, 1 ’.'. IS 
(V I'C’OR (,)UAl1TY 


ae.t 


3.B 3.3 




,L 


1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTCJ 


DAISY LOBE NOZZLE (run no = 20 ) 


tPlSSIuK AKULt (RtlAriVL If Jtl LJi^AlSn RLflHt^CtO TO KTZ7U 

i l)LCI*tl6 > 

4u« tU« Zo, 90, 100 ', 110, 120, 

2«,« -le.J • 37,1 j,8«?7„0«23,0.23.b 

•la.e -n*..l»-l6,B^?il^7»t£,4*|7,e*17,6.|9,4.13,0»23,4«20,0«2r*0 
• »;,e *\A^7 • 33.1 •20j,l»l6,y-2u,2»13,ii-|t.2»10,2«l7,0.12,4.2!,9.ig,3«l9,6 
•i;.9 •n.6 -JO. 6 9-19,8-12. 5. 17, 3.17, 6 

.«3,4 .8,6 -28.2 -2C^9 -9,8.18,8 -8 * t • l i.g- 1 1 , f. |2^7- 12,6*t4,HA 1 4, 7- 1 5,0 

•^1,1 •e,; •2$,9 - 2 v ,.2 •7«l-l8.e •t.rt -«,8 -8,6-io,2-lo«3-12,2-l2,6-l2,7 

-S.e -e.2 -24,2 -lb^7 -9,2-l9.(i -4,^0 .7,4 -7*4 .8.8 •9, 1 .1 U.8- 1 1 .3. 1 1 .3 

-3.3-17*4 -U8 -t.7 -8.7 -7,1 -6,0 -9.4-10.3-I0.4 

*6,3 -7,0 -21,4 -6,3 -1,4.14,8 -V4i »4,3 *4,3 .8*9 *6.4 .8,7 *9*2 .9,8 

•2.2 *9.9 -24.7 .3.S H.2.lb.l I.* *3,3 -J*U -4.9 .6,1 -B,9 -8,5 -9,0 

•4,2 -i3,8 -24*7 .1,4 1,4-14, ? 5 .2,8 -2,4 *4,3 *5,9 -8.3 -8,5 -9,3 

"Si-i V** 3vt . 2,0 -1,7 -4*0 *9,7 .8*3 -8*9-lo,0 

"^’’u r’r 3,; •?,« .2,8 .5,2 -6,1 .9*8.ir*5.l3,2 

*2?*^ 3,‘'^IU,I l,t -7*7 -0,6 -9,9-|4*2-|6,5-22*0-25,| 

-4.1 -26.® -26.. 8,1 -fi*9 Ut.|l,o -9 *8- 1 3^4. M, 6* 1 3.2-18*0- 1 6*6 

• 4,8 -Jfl.S -2>,e P.2 6,7 -2,8 i>,'3-lu*4<i|7,9.|4,o«|(|,4 *6,8- 1 3’, 7- I 4 ,5 

•7,e-U,3-!4‘.U.|4.1.12,3.12.5 
•1,8 *28>9 1.9 3,8 1,5 7,4 -3,0- 1 1 ,0- 1 0*5-1 2,8- J 2,5-1 6, 3- I H,6 

?•* •9.0*H.7-l9.7.l7.8.ie.P-l8,4.13,9 

••,9 -..a.B -J1,4 4.V -2,9 3,4 S,'S -8,4- 10 ,3«2 1 , | • 1 7*6.1 8,2-f 5, 1 • 1 5,4 

*.*'•*. *!•"* '/•* •^•^•^^•<*-*0*T-I0.7*I3.4.13.4.20,5 

C*® -7. 9*12. 5-10*0-17. 1-15, 8-12, 3 

S*S *i^****?*^ -9*8-10.6.15.8.19.3.13,6 

m, 9 -19.9 -28,2 6,0 13,4 8,7 9*2 fc.».l6*fl.l7,0 .8,7«16.3-29,6.23,2 


22,3 .11,6 -re. 3 -7.4 .4,0-10.9 .4,rt *^,6* lil.9.|2,7. 1 1 , 3 . 15 , 3 . 1 5,6- 18,9 


CONICAL NOZZLE (run no = ii6 ) 


11^1S$10K AKtLL (RULAMVj. tC JCt tk^ALST) RLfERCKCCD TO ^^Z^LC EXIT 

C DLaWUS ) 


FREQ 

PTFj 

24, 

70. 

40, 

So, 

Co, 

76, 

80. 

9u. 

lUO* 

iiu. 

12C* 

KHZ 














.250 

.25.8 

•17, 

7 

• 32.0 


-23,8 

•24,8 

<4.7 

•24,1 

•23,5 

•27*8 

•29,2 

•24*7 

.315 

•22,0 

.14. 

A 

•26,6 

^23,8 

*lC,fc 

• 2o ,8 

<u«6 

•20*7 

-20^1 

•29*9 

• 22,0 

•21^9 

.^00 

-24,3 

.12. 

8 

.24.8 

-ji,b 

-47,8 

-18,$ 

-19.2 

•19,1 

-16,9 

•22*3 

•20.9 

•20.0 

. son 

-•7,e 

•19, 

1 

• 4 8,9 


. 1 0, 1 

• 15,8 

-16,7 

• 1 6,u 

• 15.4 

-18*9 

-17,8 

• 17*4 

. 63'' 

- * 4,0 

•7, 

4 

-15*1 


-11*6 

.|2*fe 

•I2*t 

• 1 3* 1 

• 12*9 

• 15*6 

• 15*1 

• 14*8 

.800 

• »4*e 

•<• 

4 

• 1 1* 1 

• 8^? 

•7.7 

.8*8 

•9*4 

• 10,4 

•9,9 

•12*6 

•12.3 

• 12*0 

1.00 

.8,4 

-2, 

2 

• 7.9 

-4^V 

.5.4 

-5.7 

•7.2 

■•8,b 

•8*0 

• tu«l 

• 10*4 

■ 10.2 

1.25 

• 6*2 

■9, 

4 

•5 • 2 

•1,8 

•3,7 

•3,U 

•S.8 

•6*6 

•6,2 

•8.2 

• 8.4 

•6,4 

1 .60 

• 4,5 

1, 

7 

• 3,6 


.1,8 

•1.4 

•4,6 

• 4*6 

•4.9 

•6*8 

• 6*6 

•el7 

2.00 
2 . 50 

•3,2 

•2.1 

3. 

4. 

6 

9 

• 3*0 
-2,2 

1,0 

0*2 

i.s 

-9,8 

0.8 

•2*1 

•1,4 

• 3,3 
-2;4 

•4,9 

•3.2 

•6.4 

•5.8 

-9.9 

•9.7 

•S,9 

•5*7 

3.^'5 

• 4,3 

5. 

4 

*1 • 1 


2.9 

2,2 

• u,7 

*2,3 

•3.3 

•6.2 

-6*2 

-e.5 

'*.00 

•1,2 

5 • 

6 

•0*2 

4,1* 

3,8 

1.7 

• 6*9 

•2.4 

•4 ji 8 

-6,6 

• 7*9 

•6.9 

5.00 

-< ,8 

9 • 

4 

0*8 

6.4 

4*2 

2,2 

•4.8 

• 3.7 

•7,2 

•9,6 

• 10,5 

•U.8 

6 . jO 

-4 *2 

8. 

f 

1.8 

H^i» 

4.1 

1.7 

•3*9 

• 8,2 

•12*6 

-15*2 

•16*0 

• ie»e 

8.00 

4 ,9 

9 , 

V 

5,7 

10,9 

3*9 

-2.1 

••9*6 

• 8,4 

•8,9 

•9,8 

•V.8 

•10*8 

10,0 

• 4,« 

4. 

3 

-2*8 

5,3 

.3,2 

-7,3 

• 8,t 

-lo.o 

• 11.9 

•is.f 

• 16.2 

•17,3 

12. 1* 

—3,5 

•1 • 

3 

-9*8 


• 3,1) 

-16,9 

•12*6 

• 12*0 

•16,9 

• 17,6 

• 18*9 

•20. « 

16.0 

•8,7 

•5, 

6 

• 9,3 


• 10,1 

-12.7 

<i)*l 

•18,2 

•19,2 

•21.3 

•20.6 

. w * a 

•22.9 

20.0 

•9,2 

2* 

7 

-3,1 

-4,8 

•«.e 

•16,3 

•IJ.7 

•14.1 

• 16*4 

• 18,6 

• le.i 

•19.2 

25.0 

•6,5 

6, 

2 

.5,7 

-C*.6 

•2,2 

-8 ,S 

• 9*2 

•11,1 

•13.0 

•16*7 

•19*0 

•19.4 

31.5 

• M , 1 

•2, 

4 

• 3,6 

-7;,9 

• 7*11 

•t.8 

•16.1 

•13,2 

• 17*6 

•19,9 

•21.7 

•22.4 

1*0.0 

• 1‘A ,5 

•6, 

4 

• 3,3 

•?.,2 

•7,2 

-IC,2 

-16*9 

«1&,4 

-19.2 

-2o*7 

-23.0 

- ■ 

• 29*4 

50.0 

• 1,8 

-8, 

1 

12, «i 

-2,t 

• 7,u 

•12,2 

-19.4 

• 17,3 

• 19,9 

•23,6 

-29.6 

•25.6 

63.0 

4.4 

•3, 

4 

*7.8 

-7,2 

• 1 0 0 H 

-11.8 

• 18.9 

-13.4 

-12,4 

-16,4 

•^0,4 

•26,7 


OPTFi 
24» 1 

•3. 

7 

•1,9 

-3,6 

.6,5 

~ NOSPLi 

-7*t .1 p,u 

• ii,i 

•II. U 

•13.7 

• 13.8 

• 13.7 




1/3 OCIAVt MTC (dB) WIIH RFSPIICT TO TRANSMITTED SPL 


Mj = 0.^ «T " ° 


DAISY LOBE NOZZLE (hun nos 20 ) 

Tl-lSSigK AM.U <‘'iunvt 1 C Jtt RtrtBtNCto 10 N 0 Z 7 U IXIT 

i 1)1 GRU : ) 

I 10* ?«• 


»3t.u»i2« 
-26;i ««9, 
•22^3 -6* 

•14.7 *4, 

.9^7 -2. 

•5.4 •€• 

•2^5 «• 

•0.4 2* 

1.0 3. 

3;3 4. 

4.0 4. 

4 ;? e. 
1^0 6. 
-o.t 6. 

2*^3 3, 

7.0 K 

5.0 -2, 
• 1^0 « 

0,0 *0, 
1> 5, 

-3^^« 9< 


»i»2l,2*l 

»2«2u,4.| 

7*1^. e-* 

•0*10,3 ■ 
,3*I7.C • 
,2»I0.0 • 
^4«16,4 • 
,5«l3,t 
*2*M,I 
.4-13. t 
,;-l3,7 
.UM.7 
.1 •9.0 
.0 •6,2 
.s -i.e 

.3 3.1 

.9 r.s 
.4 2.2 

.9 3.4 

.2 -O.G 

.8 b.3 

.7 I.O 
1.9 2.3 


»2u.O*2u. 1*2 
.17.3*I/.4»1 
•I5.8«IS.9«1 
•I3.4«l3.5-I 
• I 0.4«tU.6«l 
•7.9 *8.U « 
•fc#4 -C.b • 
•4.8 •4.e « 
•3.4 -3.3 « 
•2,3 •2.1 • 
•1.9 •1.4 « 
•1*2 «U.9 • 
•2.6 •P.O . 
•7*4 •^♦J « 
•10.? -9.U*] 
•9*e»i7*i«i 
• 4.9 •<> *7» 
•2.9«I0*6* 
•9.9* 1 4 *6» 
•6*3«19*3« 
-7.2-10.7 
•7.C -7,7- 
•2.0-12*2 
0*0*lO,9» 
7.3-16,3- 


l•22•8-23•3 

-20,4.20,8 

».19,0-t9.3 

•t6,9.l7.2 

1- 14.2.14,4 

>• 1 1 ,9- 1 1 .,8 
>- 1 0,4* 1 0 • 4 
I -9,4 -9,9 
j -0.3 -fi.7 
1 -7,6 -fi.t 
I -7.9 -8*2 
1 -8;a *9.2 
5-tl.3-l2.9 
3-2!, 8-24. 9 
!-l4.3*l5.9 
D-12.9-13.7 
D-11.3-M.4 
1*14, 8*18, 2 
7-ie.3-l3,7 

2- 19,1-15.4 
2«13,3.?Uo4 
0.t9,6-l?.1 
7-19.2-13.4 
2-16,2-l9.8 
0-29, 3-2?. 8 


.7 .H.? .77.* -^’.O -<.8 -«),?»IU.S.I8.3-I0.9-I4.V-19.8»>6.9 








[.JFW’rutiWi 


1/3 OCTAVE HTC (dB) WITH RESPECT TO INCIDENT SPL (HKO 


0.4 = 0 


DAISY LOBE NOZZLE (run no = 13 ) 


.250 

.315 

,<iOO 

.500 

.630 

.800 

1.00 

1.25 

1.60 

2.00 

2.50 

3.15 

4.00 
>.00 
&.30 

3.00 
0.0 

2.5 
o.O 
0.0 

5.0 

1.5 


l»*|SSltiK (fllLATIVt 1C JCt RtrfcBtKCtO TO KPZZLt EXIT 

( OlGRItS ) 

3u* 4o« t\), e«j*« 7u, au« tuu* tio» I20. 


.3 

.Z 

• 3 

• I 
.3 
*3 
.S 

• 2 
.7 
•2 

• S 

•e 

• 1 
.3 

• 4 
.7 

.a 

.7 

0 

• 9 

• 6 
• I 
.9 


PTFj 

6. 

•3S.S 

•36.7 

•39.7 

• 34,6 

• <6.2 

•32.8 

• 19.8 

•26.8 

•12.8 

•2S.9 

•v.e 

•22.1 

•7.9 

.19,3 

•e.7 

• 17,9 

*3.8 

• l7,# 

-2.4 

• 16,6 

• 1.4 


*4.2 

•34,9 

•t .7 

•29.3 

t.7 

•29,4 

*8.9 

•26.2 

•3.t 

•26.8 

•4.9 

•23.3 

-e.8 

•26.4 

•7.9 

• 19.8 

•7.0 

• |6.9 

•8 .0 

•14,2 

• 4,4 

• 14, t 

•c.e 

•26.3 

-7.1 

•24,2 

*4.4 

•26.9 

OPTF< 

— — 

23.9 

• 24.8 


18. 

28. 3u. 48, 

• 13.8 

• l9;,2«)6.6-26.^ 

• 11,9 

• I2>4»13«9-2U 

•10.9 

•Il^u-I2.6>i9,1 

•9.7 

•a^,9- 10«3- 19.1 

•8.1 

•6^8 •7«8-il. 

•6.0 

-3^9 -S.M •?, 

44.6 

■I;.7 »3*U "3. 

.3.7 

•8.4 •1,4 •fl. 

•3.4 

0*9 8,4 1, 

•3.0 

2.U 2. 

• 4.6 

1,3 3.0 3. 

-5.8 

0,0 3.9 5. 

•7.7 

•8,0 3.7 9'. 

•9.4 

•1.4 2.8 6, 

• 9.(i 

•0*.0 3^4 9'. 

-10.4 

•3.2 4.8 6. 

• 10.8 

*8',J 5.3 U. 

• 12.8 

•8,9 1.9 •V. 

• 11.6 

•8,8 -8.2 8*. 

-M.S 

• I2> -7*8 l‘. 

• 13.3 

•9,4 *2.4 3, 

• 19.6 

•8.0 *3.9 2. 

• ?0.4 

•13^9 0.9 i; 

•?• .6 

•27.6 3.6 -0, 

• 22.8 

*24'.8 8.2 *3. 


• 4,l t«u-l2.9-10.4.i2»<^*149 0«t4 

• Ut •7.\ •B*5*IOj»S •8«9.1U2-lt.ft*12 

Vtrj «4.9 •a.A »a«e •7»6-10«0*tO«l*U 

^9m7 •4») •6*S •6*7 •8»7 «9 

4^j •ui -a. 8 -O.! •6.0 •e.a •z.z -9 

&•? i)«S •»l*7 •4«0 *644 wS^O *0 

7v4 1«6 •0»6 *3*3 •StO «9#4»I0 

7«*2 0.4 •2.2 •Q.A •Z.S*! U.3-19. !• IS 

Z^t -UO «4,6 •8.4«U,6»1S.1»26«6»22 

5.'9 •t.7«12«S*l8.4«t0»6«lti*7*l7;6»l7 
•t«C«l9.0*24,6«l9^4 •9*0-lU«4.l5‘i0^l3 
Ue *9.9 •9«e«22«9*l6»6*12.9*14«0*l3 
•C«;2 •6«3»ll«4*16^3«l74i*l8.2»20»t*ta 
\)wt •e«Sol9.l*1949*t4»4«l7.2-tZ,7*21 
it »'t • 1 0 4 4* 1 8 • 0*24 •7*l3t7«l6«6*18t9Bt8 
•4«4 •S«9*lV*9»t2*2«12»6»17’»6»21 

•U*2 3.7 •8.8 -7;.l*l4,l*2Q.l»t2,0»l7 

PwC* lZ.O«t0.4 «9^9*l4p6*|6«e»t 7.7* 1 7 


3.2 


NOSPL^ -- 


23.6 *24.8 •a.S •O’.P »4«0 «4.t O.';^ *9. |«l I •3*13.8«t3.0*lS*8*l6.4. 17. 1 


CONICAL NOZZLE (run no = 9i ) 


L»*lSSiON ANCLE («LLAUVL 1C Jtl t*MU8T) RLFERtNCtO TO NOZZLE EXIT 

( DiCRLIS ) 



PTF: 


2«. 

30. 

4V. 

eo. 

eii. 7w. 6u. 90. luo. 11 o'. 12C. 

FREO 

KHZ 








.250 

•22.3 

•29,2 •16.1 

•12, 7-17, 4. 

21.2- 

8u.'fc-i«.9«as,a«a4.7«aa.a«ae*3-s9«9>a».7 

31'* 

• 19.9 

.s6.< .ij.a 

•I8,8«14,2-I7,7« 

1 7 

>l7.i>»2t. 6-21. 4-20. 1»24.8-23»4.?6.2 

.600 

-««.a 

.27.3 -«2.7 

•9.h»12,9* 

I6«2- 

l640-lS.7*2U.4»20.t-18.9»23.4-22»2-24«e 

.500 

.19.9 

•27.9 -U.S 

•8,3 

•9,8* 

■ ia.7> 

i:«3>ia.9*i7.a*ia.7oi«.6»i4,8-i9.9>ai.a 

.630 

• 12. C 

•27.9 .8. 11 

-fi,3 

•6.9 

-9.C 

•9.l»t8.l>-14.2*13,7*l4.t-l6.>**7,4«lB.0 

.800 

•9*7 

•23.4 -9.2 

•3,9 

•3.8 

-6.1 

•6.1 

•7.3* 10.6«I0,6«10.8«13.4*14'.8« 15,0 

1.00 

-7.9 

•19,1 •4.3 

.1,9 

•1.9 

•3,4 


•9,3 •7.9 -8,6 •8.9<ill.l»12.5»12.9 

1.25 

•9.6 

•16.6 •3.6 

-8;6 

• 6.4 

-1.3 

•s.t 

•3.3 •4,6 -7.0 •7.9 *6.4«l0.9* 1 1 .3 

1.60 

•4.1 

•13.7 •3.6 

8,9 

1.0 

8.7 

• 0.6 

•1.9 —2.B •S.S •6,3 —6.1 •B.O *9.9 

2.00 

>s.« 

•»a.« .3.7 


2.2 

a«3 

0.7 

•0.3 -1.3 -4,0 -9.1 -7.0 -7,6 -8. 8 

2.50 

•2.3 

•14.6 •4.9 

0,8 

2*8 

2.7 

s.*s 

1.0 -l.t •^mX V4.4 •6,7 •7.4 -e.S 

3.15 

•1.6 

•2t,9 •9.4 

0,7 

3.0 

3.3 

3.S 

2.0 -OtB •2.9 -4,2 -e.a -7.4 *6,4 

6.00 

• 1,9 

•23.8 «7.l 

•0.9 

2.3 

2«e 

•3.8 

2.9 0.6 -a.S -4.9 -7.2 •6.9-I0.9 

5.00 

• 1.9 

•31.9 -a.a 

-a;? 

l«l 

3.0 

4.r6 

2.9 -O.B •3.4 •7.6»S 0.2-13«2*l5.0 

6. 30 

• 1.9 

•29.4 vd.P 

•2.9 

0*9 

4.3 

6 .'9 

2.4 •t.J •7*0-l3.3»l8. 4-19. 9*21.0 

8.00 

•1 .1 

•22.4 -y.S 

•J.6 

0.7 

9.6 

7.2 

1.3 •7.9*I9.1*I2,0-I0*8*tl,4-12.9 

10.0 

•6.8 

•23,3 -lO./ 

• 4,1 

0.3 

e’.2 

7.8 

• 1.9 •2*8 -4,9 •6.5 •9.9»i4‘.0* 15.4 

12. 

• 4,4 

•28,9 •17.2 

• iljo 

•4.9 

8.3 

fc.l 

•6.0 •8.4«||.3*l4,4.|9.S«t9.S«ai.e 

16.0 

•8.1 

•27,3 •18.7 

• 16,1 

•6.9 

•6,7 

0.4 

•8.9-t2.7*l6.l»l3'.6-i8,9*2|,3*23.9 

20.0 

•7.9 

•19.7 •16,4 

• 16,4 

•6.3 

1.8 

•2.1 

•«.U •9.8*l7.7-l7.B>l9.4»aa,a.a4.9 

25.0 

•4,6 

•26.2 -I3.4 

• I8l2 

•6.6 

6.4 

1.9 

•7.7 •e.a«ie^9>i9‘.B«ie.4<t7.i»i9.i 

31.5 

•4,9 

•19.6 .id.a 

-19,9 

•7,4 

9.5 

i.4 

•8 .a •B.8>l4.a>IS.Ba|7.B>t7.6>a0.3 

iio.o 

•9.7 

•19.8 -22.1 

• 18,V 

•9.9 

9.7 

• 4.8 

•7.l'*ll.7«l3^tt«l4.7>l7.3«as.a*a9.3 

50.0 

•7.2 

••8,2 -22.6 

•21,8 

•6.2 

4.3 

-9.7 

•7 .9* 1 3.B«l7.(|a|7.B>?3.6>a3.6>aS.4 

63.0 

•♦6.2 

•16.6 *18.6 

• 16, 8* 11,9 

i).7 

• 9, !• 

•i8.8«:9.a«i7.3«i6.a-ao.v>i4.B«3o.a 


NOSPL^ 


• 8.7 *9> .4.6 -3.9 -4.I -t.3 •8.8-I t.|-l 1 6.2 


OPTFi — — 

24.0 •21.8 





1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPI (NTCt» 


Mj -- Q,h 0 

DAISY LOBL NOZZLE (run mr. n) 


IPIS^IOK aM-LL IOUmTiVI 1C Jt? rtlTFRlKCin TO ^P22l.t tXlT 

( UiGRitS ) 



PTF^ 

til« 

2u. 3u« 

4U. 

SI. t>i. ?U. Sii. 9U. luv'. 110. I?0. 

FREO 






KHZ 

.250 

•22-3 

•30.0 •13.7 

•10. I-I6#7- 

20.2- 


.3*5 

•19*8 

•34.4 -11.7 

• t 2. P* 1 3-7-2 l.t« 14 .A- |0.0«2U4U«22.3»22»9*28.I -2 3,0*23 .8 

.ago 

• *7.9 

•32.6 •10.0 

•10.7-I2.J-I9.7- 

12.8*I>,0*18«6»2O.0-21.1«23.3-72.1-22,1 

.500 

• 18.8 

•28.8 •9.4 

• 0.3-lO«U-l9.3*ll< if3«l8.3«lO.6*ie.6«t6.O^10.9-t9,9-19.0 

.630 

• 12.C 

• 28.1 -7.7 

•5^6 •7.4% 

11.3 

•7.S-l2.8*13.b«l9^8«12»3«l6.3-17.0*l7.U 

.800 

•9.1 

•21.4 *8 .3 

•2^0 -A.J 

•6.3 

-3,4 •0.9«fo.3^12.2 •9.7*12.2«13.3^13.7 

1.00 

•13.8 

• 1 8 • 3 -3 .0 

•0.0 -2.1 

•2.6 

•O.i •t.l •7,6 -OvS -7,9- 10.3- 1 O.0* 1 1 .6 

I.2S 

•A.e 

•10.4 -2.0 

0l7 

0.3 

1*4 -3»9 -9.3 •7.4 -6.7 -8.9 •9,0*10,1 

1.60 

•2«« 

-10.0 -2.4 

1.9 1.4 

2.7 

3.E -1.7 -3.3 -8.8 -5'.7 -8,1 -7,7 -8.7 

? 00 

• 1.7 

•i7«3 -2.9 

2.7 2.7 

3.0 

t.C -0.4 •2.1 -4,4 -6.3 -7*9 *7.0 •6, 6 

2 . ‘)0 

•1 *0 

•21.9 •4,1 

1> 3.6 

4,0 

0.2 9.7 -1,2 •3.0 -5.2 -e.G •r'.S -9.0 

3 . t'l 

^•2 

• 34.1 -5.2 

4,2 

6.4 

7.0 1.9 -0,2 -S.O -4.7 -8.1 -O.O-lO.Z 

^.00 

•4 .8 

•29.2 •7.0 

-0^4 3.9 


7„3 C.6 -2.1 .6.3 •7,7-10.2-15,0-15.0 

5 . 0 c 

•0 .4 

• 20. 1 *9.1 

•1.1 3.1 


7«<9 -i:.7 -4,2 -6.2- 1 1 .3« I4.9-2? .8-22.0 

6. 30 


•20.1 •7.0 

0.7 4,6 

lu, 1 

7.1 -5 .6-1 1 .3-17.3 -9.4 -9.5-lii.4- 1 6.2 

8.00 

•3.4 

•20.0 *10.2 

5.0 

0‘.4 

•8 .4- 10. 9-24. 3- 19, 2 -9, e-lo.3-1 4.8-13.6 

10.0 

•4.4 

•23.3 -9.5 

• 8.7 5.4 

U.4 

1,0 -9.8 -9.7-22.8-16.8-12.8-13.9-I3.7 

12. S 

•0.7 

•19.9 •12.7 

•0> 1,0 

•u.t 

•1 .1 -0.2.11.3-16^$-I7.4-18.)-2O«O»10.6 

16.0 

7.3 

•19.7 •11.4 

• 8.0 • 8,0 

1.1 

1.C -8.3-19.o«19.l-i4.2*!7.1-17.5-20.8 

20.0 

•c.e 

• 1C. 3 -ll.S 

• 12.4 -7.0 

2.9 

9.7«lii.2-l7.0-24.6-t3.6«l6.S-t8.7-l8.9 

2S.0 

-8.9 

•|4.| .13.1 

-8;.3 -2,3 

3.8 

-4.'2 -3.0 -5.8-10. 3-12.0-12. 6-1716-21 .6 

31 . 

•3.8 

•13.3 -14.0 

•7,« -3.2 

3.0 

•0.4 4,6 -8.0 -0.3-13.4-19.3-12.1-10.4 

4(!,0 

•e.7 

•20.2 -20.3 

-13^4 1,0 


0. I-It.9»l0.3 -9. 8- 14. 5- 16. 5- 17, 6- 17 .8 

‘>0 . 0 

•0.9 

•23.9 -21.4 

-27^4 3.9 

• 0,2 

-1 .7. 12.4- 10.6-1 4.1 -2O.0-21 .6-18.9-22.6 

A ^ . 0 

•4.i 

•20.4 -21.0 

•23.9 0.3 

•3.8 

-6.C.1 1 .8-l5.4-20.0-16,7-20.7-26,8«26.l 


or Tft NOSPLt 


23. P •24.5 -e,6 .5.h -3.7 -3.t •S.G •B.B- 10.9- 1 3.S- 12.6- tS. 4-16* I- 1 6 .0 


CONICAL NOZZLE (run no = 9O 


LHlbSlLK AKGlL (NUAUVI 1C Jt1 tA^AUST) RU ERt^CLD TO NCZZU EXIT 

( DEGRLES ) 



PTF^ 

9. 10. 

20. Ji«. 

40, 

Et. 

0u. 7c. 8u. 90. lOO'. liO. 120. 

FREQ 
KM 7 








• 2» .8 

•20.4 -15.3 

•ir.9-lO-0.2u,4. 

2u.i< 

19. 1-24. 4-23.9«22.0«27,S-25. 1-28.9 

il'i 

-18.7 

•27,1 -13.0 

- 10,0-13 .4- 

1 b .8« 

16.0- 

I6.7-2I .0-20.0-1 0.9*24,o-22.6-28«4 

. '< •= ' 

•17.3 

•26.4 -11.9 

-9.0-I2.9- 

15. 4-1 5, 2. 14. 9-1 9, 5- 19,2*1 8.0-22. 9-21. 4-24.0 

. E>00 

-14,6 

•2t.6 -y.t 

-7’.3 -8,8« 

1 1 .O* 

11,4-1 1.9* 16. 3- IS. 8* 19.6- 18. 9- 19. 0-20 .2 

.630 

• 1 1 .8 

•20.7 -6,9 

•9;7 -5.7 

• 6.4 

•8.C 

•8.9«f3.t-12^6-l2.9-l5,5»t6.3-t0«9 

.Boo 

-8,e 

.22.3 .4.8 

-2j.o -2.7 

-5.1 

-8,1 

-0.2 -9.5 -9.7 -9.9-12,3-t3.8-l3.9 

T ,0l- 

• C.7 

•10.3 -3.S 

•1.1 • 1 • 1 

-2.0 

•3.6 

•4.8 -6.7 -7.6 •e,l*l0.3*ii,7-l2.1 


•5.2 

•19,4 -3.0 

0^0 0-2 

•0.7 

•2 .fC 

•2.7 -4.3 -0^4 -8,9 •b.e -9. 9-10.8 

1 .K . 

•3.9 

•13.4 -3.3 

C.7 1.3 

n.9 

• 0 .4 

-1.3 -ZfS -8.2 -O.O «7.8 -6.8 -9.7 

? . 00 

•2.9 

•12.8 -3,6 

i;t 2.3 

2.2 

C*7 

•0.3 -1.3 -4,0 -5.1 •7,0 -7,7 -8.7 

/’ 

•2.1 

• M.6 -4.9 

0,9 2.8 

2.7 

2. ‘2 

1.0 -l.t -3.0 -4.4 -6./ -7.4 -6.3 

3. 

• 1.5 

•21.4 -9.3 

3,1 

3.4 

3 .-2 

2.1 -0.6 *2;i8 -4.1 •6.2 -7.3 -8.3 


• 1.5 

• 23.8 -7.(l 

-O.b 2.3 

2.0 

3.0 

2.5 0.8 •2.3 •4.9 -7.2 *8. 5-10. 9 


-1,9 

•31,9 -8.8 

-7.7 1.1 

3.0 

4^5 

2,8 -U.6 -3.4 •;.6-10.2-I3.2«I4.9 

6. 0 

-0.7 

•20.6 -8.1 

• l> 1.0 

9.1 

0.7 

3,3 -U.4 -0.1-t2.4-|5,0-t9.O«2O.l 

8 . 00 

•J ,0 

•22.4 -<i,2 

•2^9 ii.8 

5.7 

7.2 

1.4 •7.4«|2.Q»I2.0-1U.7»11 .4-I2.4 

in.o 

•8.3 

•22./ -lO.P 

•3,0 0.8 

5.7 

0.3 

•I.U -2,3 •4,0 *6.0 -9.4-13.5-14.8 

12.''. 

•4.0 

•20.1 -le.B 

•u;? .4,1 

0.7 

0.5 

•4.e •5.l*l0.9«14.0-19,l-19.t-21 .4 

16.0 

•0.1 

•27.3 -10. € 

•16.1 -6,5 

• i»,7 

1.5 

•e.4» 12.0-10.0-1 3.6- 18 .8-21 .2-23 .9 

*0.0 

•7.4 

•»9.7 

• 16[,4 -8.2 

1.9 

•« wC 

• 7.9 •9,e«l7‘.7-17,8-|9.4.22.8«24,8 

25.0 

•4 .9 

• 20 .1 — 1 3 . 3 

•*0.l -6.9 

O.f 

1.1 

•7.e -b.t-l6,7«16.7-]8.3«}7,o-l9.0 

31.6 

• 4.4 

•16.9 -IH.I 

• I5'.4 -7.3 

5.0 

U.5 

•2,1 •8.U14.I-I5.S-17.4-17.5-20.2 

^»0.0 

•8.8 

•19,6 -21.9 

-18.7 -9,7 

5,0 

• 4,t 

• b.'*-l l.5-!2,8-14,6-l7,l-2t,0*25.l 

50. n 

•6.9 

•17.9 *22.2 

•21^3 -7,9 

4.0 

•9.3 

• 0.7«t 1.3- 10.6- 17.4-23, 3-23.3-25.1 

3 . 

•10. V 

•15,8 •10.4 

•t6.b-l 1 ,3 

u.s 

• 0.9< 

► 17,i»-15o' -l7,l-l6,f.«20.7-14,6-29.9 


rit *1 i 



M ■ f'l 




UM r » 




T'l.f — 



24.8 

•21. 8 •/.O 

-4l7 -3,8 

-3, 1 

•2.4 

• 5.5 «b, 1-1 U.3»l0.6-l3*.4-i4.5* 15.9 


1/3 OCTAVE NIC (dB) WITH RESPECT TO INCIDENT SPL (NTC<) 


DAISY LOBE NOZZLE (run no = 14 ) 



t'PlSSlUN ANClt 

(RllAtlVC TO 
i 

JH iX*Al.8T) RLE 
0L6REEE ) 

FREQ 

PTF^ 

14. 2«. 

iM* 

4g. 

50. 6ti. 

>0. 

KHZ 

.250 


•13.4 *13.2 

• 1^4 

•26*8 • 

19.7 •!«.» 

•22*8 

.315 


•If .4 .11.4 

• IJ.'I 

•|7,8 • 

12.9 *17. U 

• 19.8 

.itoo 

»I7.4 

• n.4 •14.4 

• 111? 

•|5*9 • 

11.4 -19.7 

• 18.4 

.500 


•2,7 ^6.9 


• 12.8 

•6*7 •la.a 

• 15.5 

.630 

•1l,« 

•7,5 vO.O 

•4.6 

•9.2 

•6*3 •1g*4 

• 12.8 

.800 

•8.8 

•0,0 •3c7 


•9.3 

•2*U •7*4 

•9*6 

1 .00 


•5*5 •2*4 

• 1^6 

•2*2 

0*4 ••6.U 

• 7*3 

1.25 

•4.7 

•6.4 •4.2 

0^1 

u.t 

'2*3 ■•J.u 

■•6*6 

U60 

•3*4 

•7,5 •4.0 


'•2 

3.8 *1*4 

■•4. 1 

2.00 

•2.2 

•8.6 *4 .7 


3.9 

5*3 -•0*1 

••3*0 

2.50 

•c.t 

-0.6 .8.7 


5,9 

8.1 1.4 

•2*u 

3. *5 
*1.00 

^ m 

•9.3 •2.8 


6*1 

9.g 2*u 

• 1.9 


*14,9 -9,3 


4.4 

7*7 ..B 

■•2*4 

5-00 

•4.0 

•12.3 *9.8 

0.6 

5*9 

9.tt #2*0 

• 0*4 

6. 30 

1.4 

*9.4 .4. 8 


fl,fl 

10.1 •t.l 

• 12.9 

8.00 

• i.7 

•10.6 .9.8 

•0.5 

9.2 

3.1 •8.1 

• 16*7 

10.0 

•4.2 

•18.8 *8.4 

•Q.6 

1U«(1 

6.6 •g.i 

-6.U 

12-5 i 

•2.4 

*19.9 2.3 

«;2 

4*2 

6*5 -2.6 

• 7*8 

16.0 

•7*e 

*23.9 *4.8 

-8,6 

•U.9 

0*1 •8*8 

•9*2 

20.0 

•4.2 

•22.4 *8.1 

.9;« 

•4*5 

6.6 *10. 1 

•6*7 

25.0 

•7,6 

•19.2 *8.2 

-2;6 

•3*1 

0.1 *7.« 

•5.5 

31.5 

•t.C 

*29.8 *8.8 

•3,« 

1*3 

g.b •8*6 

•6*8 

40.0 

•7.4 

*28.2 ••9.2 

•9.9 

• 1 .3 

3.7 •6.8 

• 11.9 

50.0 

• 12.4 

*31.4 *24. U 

-I4l0 

*7,3 

•3.4 •12.1 

• n;6 

63.0 

•13.4 

*32.9 -24.2 

-28.9 

•9.8 

•4.4 #10.1 

• 13.7 


•28,9>37.9*3t.l>33,3*2».9 
*99.3>23.«>27.3*2«,0«26.e 
•30,.8*33.i«96.;>27,S*2S.2 
•ie»t«ie.l»2t.^*2I.B*22.3 
•|4^8»14*9»18»2*12«4«|6*8 
•lt*1allt9*i4,8Bl9«0>l4t9 
•8.e>l0.0>l2.9kt3,2*l3.2 
•2.4 •a. 7«il. 1-11.8*12. 8 
•2.0 -8 . Ob10.1*I0. 9*12.0 
•8.0 *2.1 -9.1 •4.2*11.9 
•3*7 *9.2 -8.4 •8.2*11.9 
•4.2 *9.2 *8. 4*10. 1*13.1 
*9;s *7.9*1 0.4»1 3.7* 12.4 
•2.2-12. 2-1 3.8-19. 7*23;3 
•13.7-10.8 -9.4-10. 4*19.4 
•13.9-10.8.12.4*12.9*19;2 
•14.0*13.0-13.2-18.2*I8.1 
•9.7 -7. 1*12. 2-13. 1*20.6 
•13.9-10;2-1 1.2*19. 4*29.4 
•9.9-I 0.8*19. 1-19. 3*38.2 
*9.8 •9.0*ir.9-12'.2*22.2 
•7.2 •8.3-13.8-16.7-21.7 
•7.8-ir.8*13.g-20.1»21.6 
• 10.9-I0.9*18.3-18'.8*22.9 
*19.8*1 3.4-I8.2-23. 0*28.0 


24.4 *14.1 


3. 4-13.7*18. 9-17.8-19. 3 


CONIC/' NOZZLE (run mo 


Cl<l8310l« 49CLt (RCUAl.Vt 1C JC1 EXHAUST) RtrERENCED TO AflZZLC EXIT 

( nECREE* ) 


-27.3-27.3-30.4-29.«*28.4 
•24.ta28'.2*28.2-38'.7-29.7 
*22.8-92. 2-99. 1*29. 2>24,3 
•l9.8-20;8-21.3-22.7*22.l 
•I 7.0-18. 1-18.0*20, 0*19.7 
•t4.4-l4.9-|9.8-12.0*17.3 
• Il.7-ir.8-13.2-l9,i*l4.9 
•9.8 -Ota-ll. 4-13. 1*12.9 
•7.8 -7.1 -0.9*11.4.11.3 
•9.7 -O.Z -8.7 -9.8 .0.9 
•3.7 *9.1 ■7.7 *8.4 .e'.O 
•2.1 •9.9 *7*0 -Z.O -O.O 
•1.8 *7.4 -8.0 •0,4*11.7 
•3.2 •7.9.1l.3*14. 9*10.4 
-8.3-t3.2.20.1-IO,2*17'.9 
-13.9.1 1.4.12. 2-14. 9*l9p9 
•10.0*18.3*I0.2«34. 0*24.8 
-I3.3.14.2.19.9.18.9.IO.O 
-13.9-18.9a23.0*22.4«22.3 
-18. 3.24«4*29. 9*30. 9*29.3 
•l9.8-14.l*i0.9-2J.O-20.e 
•19. 7.I9.9.90. 1-22.3*24.2 
•23.2-20'.8a29.l«32. 9*20.3 
*24.0*22.2*33.4.31,0*29.0 
•28.4-23.8*28.8*39.B*33.3 


12. 4-1 3. 4* 19. 9*1 2. 4* 12. 8 


FREQ 

KHZ 

PTFi 

19* 

29* 

3n* 

40* 

?10. 

6U* 

70. 

.2*^0 

•22.5 

•16. e •11*^ 

• iBlg 

-19.9 

-28.; 

^24.8 

-23,3 

*31S 

• 19,5 

• 13.8 

•8.9 

-i2;«. 

• 16.2 

•22,3 

<«20*4 

«2«,4 

.^00 

• 17.9 

• 12.6 

•7.6 

• 11*1 

• 1 4 ,5 

•26.5 

-18.6 

• 19.0 

.500 

• 15.4 

• 1«.8 

•5.4 

-8^2 

• n*4 

• 16*7 

• 14*8 

• ie,Z 

.630 

• 12.6 

-e,7 

•3.0 

.5*3 

•9.4 

-13,4 

• 11*6 

•14.1 

.800 

•9,9 

.7*3 

• 1*2 

-2,6 

•5,9 

•9,3 

■•7*9 

• 11*5 

1,00 

•7.5 

•6,4 

9*1 

-9,8 

-1.9 

-6.2 

• 4.2 

•8.8 

1.25 

•5*8 

•5*4 

9»6 

•9*2 

U*4 

•4*3 

• 1 *8 

•6*7 

1 .60 

•4,6 

•5.4 

9*8 

0.9 

1*7 

-3.7 

• 0.4 

• 4.7 

2.00 

•3*9 

•6.3 

9*4 


2*2 

•3.9 

0*2 

•2.9 

2.50 

•3*3 

•7.9 

• 1.0 

0.7 

2.8 

-1.7 

1*0 

• 1*0 

3. 15 

•2*5 

•9.4 

• 1*7 

O'*! 

2.4 

-0*5 


0*6 

1».00 

•2*9 

• 13.2 

•2.8 

-i;; 

1*2 

-0*7 

2*6 


5.00 

•3*4 

• IS.S 

•3*6 

•2.V 

•u*o 

-1*1 

3*4 

0*3 

6. 30 

•3*6 

• 16.6 

•5.7 

• 3'. 4 

•U*9 

I4I 

4.4 

■•1 ,7 

8.00 

•6*9 

• 16.9 

•9*11 

•6*6 

•2*0 

-0.9 

1*7 

•6*6 

10.0 

•8.5 

-28.2 .13.8 

.9*0 

•6,5 

• 1.8 

•li*9 

• 11^4 

12.4 

•6*7 

•I9.« •lA.U 

-7^ 

•5*8 

2*4 

•2*2 

•9*6 

16.0 

•8.9 

•23.; -13.9 

•8*9 

• 14.7 


• 4.1 

■•8.3 

20.0 

•6*5 

•27,1 

• 17.7 

-19.2 

-9.7 

2.7 

•0«C 

•7*7 

25.0 

•4.8 

•22.9 -13.4 

-9l6 

•8,2 

8.3 

•3*7 

•8.9 

31.5 

•1*9*6 

•2;. 4 -84.« 

.7.« 

•12*4 

-2*u 

•3*4 

• l9.8 

40.0 

•19.7 

•31,6 •24.4 

• 1 1*4 

•7*6 

r*2 

9* 1 4 • 4 

• 11*6 

50.0 

• 19*1 

•22.8 .29.4 

• 16.6 

• lu*2 

1*8 

-12*1 

• I4*u 

63.0 

•9*8 

•f8,9 .24.7 

•23.5 

• 16.1 

10*3 

• ?2*4 

• 17‘.U 

















l2.9«tS.2«ie.9«t 7, 3.18.8 


CONICAL NOZZLE (run no = 'o& ) 


CPlSSlON 

akcll 

(RlUATlVt 10 JE1 

tHhAUan «LrE«ENCCO TO K0Z7LE EXIT 





1 

ntGfi£l£ ) 


Pir^ 

»«• 

20. 

3o. 

40. 

60. 

eu. 

70. 6o. 9U. 100. 110. 120. 

•24. J 

• 14.3 

• 9,9 

-|4;4 

•18.4 

-26.2 

■'23,2 

^51,8 -as. 7-2b. 6.28, 9«28. 1-26.9 

• tu.: 

• 12. e 

.7.7 

-11.4 

-19,V 

•21.1 

• 19.2 

•19.2 -22.9-23.0.26.6-25.6-24.6 

• 1 7 .<1 

* » 1 ,7 

•6,7 

-10.1 

• i3.6 

-19.6 

• 17.7 

•18, U •2I.6-2!. 7-24. 1.24. 3»23.4 

• f 4,e 

• t4.4 

.4,6 

•7;i 

-1U.6 

• 16,9 

• 1 4.0 

•16,9 1 9.7.20.5*?! .9b21 .3 

-«2.« 

-e.t 

•2.4 

-4,7 

•7.8 

-12.8 

• 10,9 

•13,9 •]6.4-l7.5»l>,4-t9,5-l9.| 

•v.e 

• 7,4 

• 0 *9 

•2^3 

• 4.7 

•9.U 

•7.3 

•11.2 •14^1-|4.6«I8.3-I7.2«17.0 

• 7.3 

-i.2 

6,2 

-0.7 

-1.7 

-6 ,u 

• 4.0 

• 8.7 •lt.9-U.6»l3,l-t4.0.14.7 

•S.7 

•5 o 3 

1*1 

•olg 

U.6 

-4.1 

• 1.7 

•6.6 •9.4 -9.0- 1 1 .2- 1 2. 9* 1 2 .6 

o4.6 

-6.4 

x4.e 

0.9 

1.8 

.3,6 

• 1.3 

•4.7 -7,6 -7.0 a9*9*l 1 ,4« 1 1 .3 

• 3 

-e.3 


r,5 

2.3 

•3.4 

6.2 

•2.9 -5.7 *5,6 -8,7 -9,6 -9.9 

• 3,3 

-7.8 


0.8 

2.6 

• t.7 

1.0 

••l.U .3.7 -S,! o7,7 *»6,4 .8.6 

•2 *S 

oV .4 

• 1,6 


2.4 

«c .6 

2.7 

0^6 -2,1 .S.e -7,0 -7.8 -8.9 

•2 ,V 

• 13.1 

•2,« 

-1^6 

i,2 

-0.7 

2,8 

1*9 *1.6 -7.3 -8,U •9.4«>lt.7 

• 3,4 

• I6.S 

• 3.6 

-2,V 

•u«u 

-l.t 

3.4 

9.3 -3.2 -7.9«11.3-t4,9.l9,4 

-3.2 

• 16.? 

-5.3 

•3.0 

• 6.S 

i.e 

4,8 

•1.3 .7, 9-1 3.3- 19, 7* 16. 6- 17 .6 

•5,V 

• 17.9 

•e,'^ 

•5;p 

• 1.9 

•0.9 

t.7 

•6.5 - 1 3 # 4- 1 1 . 4w 1 2 . 6- 1 4 . 4* 1 5 . 8 

•B.3 

•2C .4 

« 1 3 • ^ 

-«.h 

-6.3 

• 1.6 

• 0*7 

•11.3 •1U.7-I6«1-I9.C-?3.8»24,4 

•b ,3 

• 18.6 

-9,6 

-7;.o 

•6.4 

2^8 

• 1,8 

•6.4 •! t .8*13.7«15, 1-16.4.18.7 

•7,tt 

.23.6 

• n.6 

•e.h 

• 14.6 

2 ,0 

• 4,0 

•8.2 -12, t-lb.4.27.e«22, 3*22*3 

•6,4 

• J’7 ,4 

• 17.7 

• tu.i 

• 9.6 

2.8 

• 0.8 

-7.7 .ie.3*24.3*29.4.30.8«25.2 

.4.7 

• 22,« 

• 13.3 

•9;.4 

• fi.1 

t.4 

-3.7 

•8.9 •lS,5«14.U-18.a«23,7*20.7 

• t«,6 

• 27,3 

• 19.9 

.7.7 

-12.3 

•2.6 

• 3.3 

-10,7 •l2,6-16.9«25,l«27.2-24.6 

••i *7 

•3»,t> 

•84.4 

• 11.4 

• 7.6 

1.3 

• 14.4 

■11.6 •23.2«20.8»29.a-32.5«29,3 

•U.6 

• 22.7 

-29.3 

• 10.6 

• lu«2 

l.fc 

-15.1 

•13.9 -24.0-22. 1-33. 4-31 .9. 26 ,9 

-4.^ 

• te.9 

• 24.7 

-23,4 

• 16.1 

tU.4 

•15,3 

-16, •26.4-23.8-26,e-35,7«33.3 


-4,4 -5,7 *4,6 -e,3 -II •7-l2,;«lb^ 


9 ! 













1 /”. OCTAVt HTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 




DAISY LOBE NOZZLE (run no - is) 



K t 

20 . et. to. 70 . •(>. 9 «. »««■. 


»««•? 

• t 7 .^ 

• tS 

« 1 ( *3 
•i**e 

• 5.4 

•4,? 

• 2*8 

• 1.4 

• 1.4 

• 2 .e 

• I»s 
i.e 

•2.3 
«»3«3 
•6 .4 

• 4.t 
•4 .4 

• 1.2 

• 3.4 

•t .2 

•4.1 

4.6 


pIO.?«* 4 , 2 »I 9 . 0»1 

• 9 , 0 «t 2 . 0 *i 6 ^l» 

• 0 . 3 *IO# 9 »* 4 . 2 « 

•6.V 

•4.V •6#l •••* 
-3.4 -3.1 •SjiS 

• 1 % -O.# - 2 f 3 

• 1.2 0.9 8.8 

• 2 ;t 1.6 2.2 

.2^2 2.U 4,2 

•2.2 2pl 6.t 
-3'.4 *0*6 4.9 

•7.V -9.fi 2,2 

•6 .7 — 6« 1 

•4 ,b —4 . I 3.8 
-4.3* tl.fi •1.2 
•tt'.O •2.4 -4.9 
-6' 7 <1.4 •U.fi 

-7..« -3.1 -2.3 
—9.3 —6*3 •S.fi 
•4.7 *6.9 .4 

• lo'.fi *9.9 

• 23'.9-l3.t-l0.7 
■■29.fi- tfi-9- I3.fi 
•24.7-t7.7-lfi.fi 


. 18. •2-21 .3-29 f 9-23, 9-23.7-24, 4-29. fi-3l,fi 


.0.-2 -*.7 -6.6 -8.6 

.3.4 -9.3 -3.8 -9,9 -7.4 •J*!*’ .‘S 

e.t -3.9 -2.8 -4.3 -6.8 -8.2 

t,8 -3.4 -1.7 -3.9 -6.9 

. « ,2.8 -2. 8 -9,9 -9.0 -9.8-18.3-l9,6 

e!; 111 ? -ala - 919 - 12 . 7 - 14 , 0 - 13 , 7 - 22.0 

I2.t -4.0 -8.9-10,1-13,3-11,8-12.6-23.1 

7j« -6.8 -7,3 -9.8-l6,0-l6.3“19«|*7®*'' 

• ol« -II. 0 - 10 , 2 - 17 , 2 - 1 1 . 7 - 21 . 7 - 18 . 6 - 32. 6 

9 I 3 - 3.1 - 8 . 4 - 1417 - 13 . 3 - 11 . 9 - 13 . 3 . 26,3 

4 -2 -7.8 -4*8 -8,7 -9. 7-20.9*14. 0-38, 3 
tli 3.3 -ol3 -6.3 

7 * -1.6 -2,6 -8.3 -6,2-13,9-19,0-36,3 

i l:i :i 0 -Ii4 -7i7 

i els 1.0-7.9-13,9-11.2.8.3.7.4-44,6 

• | 9.'2 7.9 - 4 . 2 - 19 . 6 -l 8 . 9 -t 7 .e-lB,a» 38 . 3 _ 




8.7 -4.9 U.2 .8,6.1 1.3-14. 1-14. 8-16. 9-19. 3-24. 4 


CONICAL NOZZLE (run no = > 

“l.lSSlOK 4N01C (9U6tlV.: 1C Jt3 tX'-AUSl) RtrERtNCtO tO 6CZ2LC EXH 

t ntoRttfi # 


FHE (3 

KHZ 

. 2'70 

.315 
.*»00 
.500 
.630 
.800 
I . '•0 
I ./•? 

\.(>0 I 

?.oo 

?.^o 

з. 13 

и. oo 

5.00 

6.30 

8.00 
10.0 
12 . 
16.0 
20.0 

25.0 
3».5 
uo.o 

50.0 
63-0 


»«• 74 * 


•14.4 • 

• t1.fi 

• 14.fi 
•6.1 

-7.5^ 

-3.2 

.3.3 

.7.6 

• I7.fi 
• 7.3 
•O.fi 

• i i»u 
-17.2 

-7.fi 

• I 4 .fi 

• I3.fi 

• I3.fi 
-t1.fi 

• 1 4 »fi 

• 17. 1 
•21.fi 
•2fi.fi 

S -23.1 
3 -2fi.9 


). 40. 90. tu. 70. 80 . 90. 100. 110. 120. 


.|fi»u •'Si;. I 
p|*.u -I7.fi 


- 22*2 • 
-I2.fi • 
•tfi.3 4 
•16.6 < 
-13.2 
.9,6 
• 6 ,fi 
•4.6 

• 3.7 

• i.e 

• t .1 

U.6 

u.u 
I U .7 
I •U.9 
I -•2.3 
I -2.6 
) -7.6 
I -3.6 
j «u,4 
b .4.6 
fi •H.e 
7 -9.2 
9 -fi.l 
J -M.S 


•2S'. 0-26. 7-42.1 -39, 6»40/i0 
*72 .8-23 .6-36. 6«34, 6. 38.1 

.21^,2-22. 3-34, 0-33. 2*i3^5 

P17.2-18, 3*24. 7-27. 3-27, 8 

• l4.1-l8,2-20.6-23,7-24|il 
pl0^7-l2.7-i6.9-19. 8-20.1 

•8.7-t0.9-I4,|-15*8^l6.e 

-7.3 .9,0-t2.i-t2*6»*i#J 

•8,6 -7,1-10.8-10.2-11.3 
-4,2 -6.1 .8,8 -8*6 -9^7 
•3.3 -4.1 -7.0 -8,7 -9.4 
•2.3 -4,9 .fi.4-t0.5-10ji0 
•3.8 -6.9 -9.0-13,4-15,1 
•2,9 -7,7-11.7-17.6-26.8 
- 6 . 9 -l 2 . 6 -l 4 o 2 -l 8 .fi-l 60 
. 4,0 -8,8 *9,8-12*4-17,9 

• 1 U»3-16’.7-M.0-19,6» 18.1 
•10.2-l6.9-18.8-19.3-23. 3 
-14.3-1 3. 8-16.6-21. 8^22.9 

•9.9-13. 2-l«. 4-21. 9- 19^2 
-12.8-13. 1-18. 4-23.1*27.0 
•13. 8-1 8*4-22. 7-28. 8-24.7 
-9*7-1 7.3-18.0-24.6O 18^8 
•l0.2-t8,0-18.8-22.9-l9.8 
-I4„6-16.0-I9.3-28,4.26.6_ 


-— — 

-7.1 -a'.o -3.9 -3'.8 'i-'-.® -10.6-12,1-15.9-17.9-18.2 



1/3 OCTAVE NTC (dB) WITH RESPECT fO TRANSMITTED SPL (NTf.) 


DAISY LOBE NOZZLE (run ) 


^.1 


7vi' 

24«fi«l7«*>.l6«4 Ifc^J 




CONICAL NOZZLE (run no - no ) 


A^i'LL (»ILAMV|. ip Jfl L)il-ALSt) PLI'tStNCLO TO NP2?Lt fXlT 

( nLcnti £ ) 



OTF, 

Id. ?4. 

Jb. 

40, 

fo. 

6 (> , 

7o, 00. 9u. 100*. 1l0» I2u, 

r»>H- 

Kf«/ 








..".0 

-«7.4 

-6.4» -12.3 


- lb, 1 

-l£,6 

• ib.u 

-2u.u -23.9«k4, 6-39, 9-37. 4-37,6 

. ! 1 


•5,e -U.8 

-n.h 

-I4,y 

-14, L 

-15.9 

-lb. 3 -21,4«22,4-34,6-33.5-34,0 

. 

-»5.t 

-5.7 -It}.? 

•fe.J 

-14,1 

-13.4 

-It, 2 

-17.7 -20,7-21,8-33.4-32,6-33.0 

. ^ l'»(> 

• »2.e 

•3.« -b.T 

-4,1 

.9.4 

• 10,2 

•1 l.fc 

-15.3 -16. 8-17. 9-24, 2-26, 9-27. 3 

.fi <0 

• •<) 

-i.y -p.i 


-6,2 

-7 ,t 

• boH 

-13.0 -l3.6-l5,0-2u.3-23.4-23,9 

.800 

• 7 .t 

.l.b •?.(: 


-2.S 

- .1- 

• fc, 1 

•9.5 •10,7-12.6-16,8-19,5-20.0 

1 . 00 

-e.v 

-3.« -3.2 


0.6 

-3,t 

•4,1 

•6,4 -8,6-10,9-14,l-t3,8»l6,d 

1 . ' 

-4.b 

-5.€ . 3.3 

2.2 

2.7 

-i.e 

• 2 , 1 ; 

•4,S -7,3 -9,9- 1 2,0-12 ,6- 1 3, 4 

1 .(>n 

-3.V 

-5.e -7.C 

I'.y 

3.? 

•0 ,t 

• 0,2 

•3,7 -5,5 -7,1-I0,H-10«2-1 1,3 

?JV^ 

-3.2 

-8.2 -t2.e 

2.3 

2.6 

l.u 

t ,3 

•1.8 -4.2 -5,1 -8,5 -8,6 -9.7 


-r.v 

• 14.9 -7.3 

l’.5* 

1.3 

1.9 

1.6 

‘—1,0 —3,3 —4,1 —7,0 —6,7 —9,4 

?. •'> 

-2.3 

•12.7 -y.f 

-U^2 

u,3 

2,fc 

3.6 

0,6 -2,3 -4,9 -8,4-10,5-10,0 

U no 

-3.1 

• 1 4 . b * t ( . M 

-ti , 

-2,7 

2,3 

3 . u 

0.0 -3,8 -6,8 -9,0-13,4-13,1 

S. ■'*i' 

• » .Ir 

•l7.V -♦?.? 

• 2l4 

• 0.6 

4,t 

b.l 

0.8 -2,6 •7.7-U,6-17,6-?6,b 

0 . 30 

•3.1 

•13,3 . 7.4 

- J,b 

• 2.4 

2.7 

4,4 

•0,7 -5 ,6- 1 2 , 4- 1 4,0m 1 5 ,2* 1 r ,9 

rt. »!0 

-2.1 

•15.7 .9.7 

•7.0 

• 1.3 

2'.5 

b.« 

•2.1 -3,8 -6,3 -9,5-12,2-17,7 

10. n 

-3.3 

•18,3 .12.7 

-7,V 

• 8.7 

-0,1 

t.b 

-2,2 -lU.O-lt, 4-13,7-19, 3-)7,e 

1 ? . *» 

-2.7 

•22.2 - 13.4 

-e.i) 

-13.1 

-c.l 

7.9 

•7.3 -9, 7- 16. 5- 16. 2-10, 9-2 3,0 

16.0 


-27.4 -n .« 

-u;.2 

-13,0 

-4.4 

•3,4 

•3.8 •14,2-13,4-16,5-21.5-22,9 


•5.7 

• 25, b .14,4 

- 11,7 

-5.7 

2,t 

•2.8 

-0.3 -9,7- 1 3 • 1 • 1 8,3-2 1 , 7- 1 9. 0 

?*).0 

-e,4 

•25,4 -l7.l 

- 1 b , • 

• 4,t 

-2 , 1 

•2,6 

-4.7 -12.8-13.1-15.4-23,0-27,0 

Tl.S 

•»2.<‘ 

•29,7 -21.7 

-mi.9 

-12,2 

-lu,9 

• l.t 

•14,6 -13,6-18, 3-22,7-26, 5«24. 6 

1(0 . n 

-K. 1 

•33.0 -?e.4 

- 1 'J.'i 

-6.7 

-3,1 

•2.t 

•V.2 •9,6-l7,3-|B,0-24.5-18.4 

'lO.O 

-7.4 

• 28.3 .22.9 

-6*, 9 

. 3,1 

-2 , 1 

1 • 1 

•4.9 •lU,0-l7.8-li«,J-22,7*l9.4 

6^.0 

-3 .€ 

•25.7 

• H,#^ 

-11. H 

7.3 

•l.l 

•n.3 •I4,5-I/,8.|9,2-2S. 2*26,4 


lU.0«n»6.|b.J*17,O*l7.6 




















1/3 OCTAVE HTC (dB) WITH RESPECT TO INCIDENT SPL (1110,) 


DAISY LOBE NOZZLE (run no " 17 ) 


(RlSSlOk AKCU- (D|kAl|V« 1C JlIT (AAAbdT) R|.rrRthaD TO KCZ71C MM 

< IHCHUS ) 


49. 40. 

90. 

iit. 

7u. Ho. 90. 

10.5 -IN.I 

•24,7 

■^*1.1 

• M.9 •2S.H •JO. 9 

•6,7 -16. 0 

• 19, H 

• 17.9 

•17.6 *23.9 -33.1 

•7;7 -13.7 

• 16.1 

• U.ti 

•ll,b -22,6 -Jl.O 


•llaV ■|U«V 


•31.4 

-1^*9 

■I6«9 *20*9 
•I2.e -19.9 
■6«9 »|U»9 
•S«t •6«4 


•J.7 •ll«8 
•e.b •I9.7 
J'.u *12.9 


V.J -1.4 
U.9 *1.9 

U.3 -3.1 


-12.7 -16.9 
"I2.U -12.6 
■19^4 -15.3 
-Ifl.t -10.4 
-te.« -ii.6 
•9,7 *1.2 


6,9 -19,9 
9.3 -11.4 


•9,4 •7,1 -9.H -t>,1 


-11.9 -12.9 


CONICAL NOZZLE (run no = 123 ) 


IHISSIOK AM^U <<^I.LAllVl 1C JH LXNAU9T) RirtRLKaO TO KrZ2tC CXIT 

1 ULGPtlS ) 



?4. 

3o. 

40. 

5o. 

to. 

tc ,9 

•S.u 

. S.6 

•i9;9 

• 17,4 

-24.7 

*9.1 

• 4,0 

.5.3 

• U.4 

• 14. S 

-21.2 

M,3 

-3.3 

.4.7 

-i2,r> 

-13.6 

•20.1 

12.»* 

•9.6 

-2.9 

• 1 0. 1 

•9.6 

• 14.9 

-9,7 

1.4 

. 1 . (1 

-7Lh 

-6,7 

-11,7 

•7,t 

3.4 

0.9 

-4,2 

• 4.9 

-S.9 

-9.9 

5.2 

2.7 

-0,7 

•2.3 

-7,4 

•3.5 

C.7 

4.3 


• U .4 

•9.3 

•2*0 

7.6 

9.4 

9.1 

1.4 

-3.1 

•9.7 

9.1 

6.0 


3.2 

•0.7 

-o.e 

6.9 

5.0 


4.2 

1 ,u 

•i.e 

3.9 

?.o 

4,0 

9.0 

3.3 

• 3.3 

•3.2 

• 4,0 

• 3,4 

4.1 

9.2 

• * ,e 

-9.1 

4.3 

J.vi 

1.9 

7.4 

•#.2 

1.9 

l.l 


. 1 .11 

9.S 


•2.9 

•1.4 

- 1 2,0 

• (1.4 

lo.u 

•2.9 

• 12.9 

-lO.ft 

•J,0 

l.ii 

7.4 

-1.9 

• 11.6 

• 4.4 

•II. 0 

4.4 

7.4 

•6 .5 

•9.2 

• 5,7 


• 3.0 

3.6 


• 11.9 

• 3.7 

-e.j 

• 9.11 

•2«t 

•6.2 

•6.6 

•6.2 

• 2 *i» 

U.9 

1.9 

•6.9 

• 11.4 

• 7.0 


• 7.6 

1.6 


DATA FOR 

THE REHAIMIMG ANGLES NOT ANALYZED 
DUE TO JET NOISE CONTAMINATION 


26 








1/3 OCIAVfc NIC (dH> WIIH Utaitl 10 IHANSMIlUl) SPL (NIC,) 


I.? ■ « 


llAl!>i Ui|'.C NCI//II (biih ')i 

‘ -i 9 «icK *kui. ou Mivi J{i n-A.! ti mrr«t*.ei.n re Nnntc f»iT 



*4. 

20. 

• «3.V 

• 13.9 

• 1 2 . J 

• ID.7 

• 13.3 

• 1 0 • D 

• *3.t 

• 12.4 

•D.9 

• 13^1 

•6,1 

•6.1 

• 14.4 

• 4.V 

• 3.3 

•7.7 

•3.7 

• 1.7 

•4.9 

•2.7 

• 1 .u 

-2.3 

•3.3 

• t.l 

•4 .4 

•7,1 

• 1.4 

•4.7 

• 12./ 

• t) • 1 

• 1,1 

• 11,2 

• 12.2 

•4 

• 14. V 

• 14*^ 

• 1.3 

• 14,4 

•9.fc 


.1^,6 -I \*y 
•|4.y •t.^ 

•e.y 1.3 

• 2\^7 •t 6 .S 
• ta.o •?!•(> 
IS 


3i|. 

4»i, 



7y* 

tiu. 

99 , 

•yin • 

•17.2 • 

•23. •• 

•>2* .2 

» 1 4,0 

• 24.6 

•36, « 

•7-.‘i •14,2 ■ 

• 19. (( 

• 1 1 ,7 

• n.4 

•23,0 

—32 • 3 

•4*,y -12,9 •17.3 

.16.2 

• tu.7 

•22.0 

• 3o,8 

•all •ID.S •12.1 

•1 l.l 

• 9.2 

-20.6 

•28,3 

•2.9 

• 7.3 

•e.3 

• 7.N 

• 7.2 

• 18.7 

•20.4 

• 1 ,ii 

• 3.6 

•3.7 

• 6«6 

• 3.7 

• 18.7 

•20.1 

r 

•9.H 

u. * 

i.7 

• 3.2 

• 0.1 

• 11.8 

• |4,7 

•2.9 

3.2 

4.3 

.7 

2.7 

• 7,8 

. 9,8 

•0^7 

4.3 

e.4 

l.l 

3.6 

•4.9 

•9,9 

• l.n 

4.1 

t.t 

2.6 

2.7 

•2.1 

• 3.3 

• 4 I 9 

2.?? 

€.4 

2.- 

1.7 

-0.9 

•2.1 

• H.9 

1.3 

.3.0 


3.6 

3.9 

2.6 

i.a 

9.4 

0.6 

— 1.3 
•1.9 

• 3.3 

•H.7 

e.3 

4.4 

1.8 

1.2 

•2.2 

•2’.7 

• 1 0.2 

9.7 

• 2.7 

• 4.8 

- 3 ., 1 

-9,2 

•9’.0 

-13.6 

4.2 

• 2.7 

• 1 4 ,2 

-ir.s 

• 16,4 

•4.1 

•9,4 

3,3 

4.6 

• 7.3 

• lua 

• 12 4 

•1 r.o 

• 11.6 

-5.7 

6.6 

• 16.1 

-19,2 

• 19,2 

•7t»l 

•S, 1 

•0.5 

• 3.6 

• 11.8 

• |6,U 

-IU.3 

• H',2 

• 6.6 

•3.0 

• 4.9 

• 13.6 

• 18.7 

• 13.9 

•c.i 

•S.e 

2.6 

3.1 

• I2.U 

•9.5 

-1.0 

• 2 . 1 ) 

• 2.6 

-5.7 

• 0.9 

• 13.6 

•7.6 

-6.4 

• 3.4 

•6,7 

- 2.6 

• 6.2 

• 13.2 

•6.S 

-19,4 

• 7’.N 

• 7.2 

•eiiS 

• 1 ln4 

• 11.2 

• 9.2 

• 11.3 

• S-4 

• 4,6 

U.9 

• 6.9 

•6.4 

• 2.2 

•0.4 




CONICAL NOZZLE (run no = ) 


TiTsSlCN «^<.U <RLL*1lVt 10 Jt1 tUt-AUai) RtfERtNCtO tO R02*Lt CMT 

( niGfUCS ) 


..'*,0 •ip.g 

n-1 .*3.7 
./iwi .is.y 
. >nO • M ,7 

.7.C 

!.on .S.S 

I.?!' •J.S 

•2.« 

^ .C 

•i .7 

• I .7 

•3.3 

• i.lj 

•0 • C 

•8.C 

• I ,7 

•e.e 
• 111.? 
•c.i 

• V.(! 

•c.e 

•7.2 


30 . 4 u, 

50 , 

• 2.4 -n^o 

- 13.0 

•i.y • 12. *1 

• 13.1 

• 4.3 - 12^1 

M 9.2 

• 2.6 - 9.0 

• 0,3 

.«.« - 7.7 

• 6.6 

0.9 . 4,2 

• 4,4 

2.7 - 0,7 

• 2.3 

4.3 2.4 

• 0,4 

6.4 9,1 

1.4 

6 ." 7.0 

3.2 

9 . 1 ) 

4.2 

2.0 4,6 

5 .U 

• 4,6 - 3^4 

4.1 

0.3 3 .y 

I.B 

1.4 r ,7 

• 0.7 

• 1,3 — 12,8 

• 0.3 

•y ,9 - 3,9 

t.l 

• 6.1 - 0^3 

4.6 

• 8,0 

- 3.6 

• 3.6 * 6.2 

• 9.0 

• 6 .<! •r .9 

1 .« 

. 7 . 1 . 

• 7.6 

• 2.9 - 6 lo 

• 0.2 

• 3 . 1 ) - 3^1 

• 3.3 

• 6 .*» • 18 . 0 

• 6.3 


•2D .3 

• 19 . e 

• 19.7 

• 14.7 
-II. C 

.. 9.3 
• 7.3 
• S.2 
•:*i 
•U.7 
l.t 

3.3 
B.S 
7 .^ 

ID.? 
It . I 

7.3 

7,e 

3 . e 

• 2.4 

1.7 

1.9 

4 . { 

•€ . 7 




’ Is? 


DATA FOR 

THF REhiMNINGANGLES NOT ANALYZED 
DUE TO JET NOISE CONTAMINATION 






1/3 OCTAVE HTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 


Mj= 0 





DAISY LOBE NO/ZLE (run no 

- 91 ) 




iKISSlUlt 

«NCI.C 

(RII.AUVI. ie Jet 

Li^Abttti ncrcRiNctu to kozzi,; 

12IT 






i 

ia4Rll6 ) 




FRtQ 

.?60 

prr. 


34. 

39, 

49. 

io. 

eii. 

2o. au. oo* 

100. 

no. 

•2). 4 

• 12,3 

•?8.« 

• 2 l*,9 

•30,2 

• 19.4 

^3i,4 

•81,9 «|9,2 ••4, A 

•81.8 

•19,0 

.3lf| 

• ««.e 

• 16,9 

• ie.9 

••8^9 

• 12*4 

• 16,2 

• 12.2 

•12,6 •12,9 •14, e 

• 10,2 

• 1 6*4 

.iion 

•<«.e 

• 12,1 

• 12,3 


• 19. e 

• 13.2 

•ie.8 

•16. « •19.9 •IJ.O 

• 16,0 

•14. B 

. w 

• M.8 

• |2,4 

••<.« 

• •3% 

• I8.M 

-9.9 

• 13,0 

•13*4 •13,1 wlltO 

• 14.6 

• 12.2 

.630 

• 1 1 #0 

• l2 ,4 

•14.2 


•9,8 

•e.i 

• 9.9 

•0,6 •Im,1 •O.O 

• 11.6 

•0,B 

.«oo 


• 19,1 

• 2.8 

•4^9 

•8.6 

•3,6 

• 2,9 

•2,9 •2,6 •2,9 

•9,1 

• 2*9 

1 .on 


• le.s 

•e.i 

• 4% 

•4.2 

•8.8 

• 5.8 

•6,4 •4,0 •O,! 

•«,u 

• 8.8 

» . 


• 13.6 

• 4.4 

• 3,4 

•3.3 

• 1.9 

• 6,1 

•6,u •c^s •b.a 

-8.9 

• 2.7 

1.60 


• H .3 

•3.« 

•3;3 

•3.3 

•9.2 

• 4,4 

•9.4 •6.8 •9.R 

•2.2 

•t.3 

.\00 

• 4*3 

• 11,4 

•4 . 4 

9^3 

9,11 

1.3 

• 2.2 

•3.8 •d.O *9,7 

-6.8 

•6,7 

. . Ml 

•2»D 

-9.9 

1.6 


1*8 

3^6 

• 1 ,6 

•3,9 *4,8 •4,0 

•9,2 

•els 

3.1'. 

•3*4 

•2.9 

3,4 

3^8 

7,7 

3.6 

• l.l 

•2,8 *4,9 •9,4 

•6,4 

•6.6 

. on 

•3.4 

•4,# 

4,0 


3.« 

3.6 

• l.fi 

•3,8 •faS •dcO 

•8,0 

•6,6 

. 00 

•S.2 

•9*2 

3,0 


•9,9 

1.3 

•e.i 

•6.9 •10.6 •M.l 

• 19,6 

• 19.1 

6. 30 

•6.2 

•9,2 

4.2 

•9^ 

• 3,9 

•4.3 

• 6,8 

•11,1 -IS,; •14.1 

• 17.9 

• M 4 

H.OO 

• 11*3 

• tS*3 

•e.o 

• •4> 

• 13,1 

• 18.8 

• i9,e 

•10,3 •9,0 •2,0 

•2,8 

•2,9 

1 0 . 0 

•o.a 

•6 • 1 

•9«b 

• •4^2 

•6,2 

• 1.3 

•e,4 

•4,8 •7,6 •O.o 

•11,3 

•10.9 


•6*tf 

•9,9 

•9*4 

•3^0 

•l«3 

•4.9 

•V.3 

‘•6,9 •6*2 ad,? 

-11.6 

•6,2 

16.0 

•y*6 

•6,0 

•5*9 

•6,6 

•9.8 

•4,2 

• 0,6 

•lu.g •11,4 -12, 2 

• 19,2 

•14,1 

<?<». 0 

• 1 1 .i 

•e,9 

• 2.2 

• 13,0 

•I3,€ 

•6,8 

• 8.1 

•9,8 •S.O •9,9 

• 16.6 

• 12,8 

.■* s . 0 

•2.6 

• 1.1 

• 6* 1 

-•4*i| 

•9,4 

•4,u 

• 0,6 

•9.6 •IS. 6 •O.g 

• 10.8 

•n.9 

^i.s 

•6.S 

•3*8 

• 3*8 

•7*9 

9,6 

1.3 

• 4,3 

•11.4 *18.4 •lt.8 

•13.9 

• 14,0 

40.0 

• II .4 

•9*2 

••«.8 

• 3,9 

•9.2 

-4,3 

• 18. u 

•tO.S -IS,! vlSaS 

• 19,2 

• 12,4 

'.() . 0 

• •3.8 

4*4 

«B*I 

•6,8 

• •3.4 

• 13.2 

• 12,6 

•19.9 •lO.O •19.1 

-18.8 

• 16,0 

63.0 

•'«.« 

4.3 

•9.0 

•8:« 

• n.e 

• 11.9 

•13,6 

•16.9 •81.4 •80. a 

•81.9 

•71.9 


OPTFi 









^ _ 







>PL^ — 





8i.e 

• <3.4 

•8*1 

•2’, 4 

•8.4 

•6,4 

•19,9 

•11,1 •11,6 •10,9 

• 13,0 

• I8‘.l 





CONICAL NOZZLE (RON no = 

121 ) 



j 

I iHlSatUR 

I AKCLt 

(RUAtlVt 1c JCT 

tHKAUat) RtrENeRCCD TO KOZZLC 

tX|T 






1 

ntCNits ) 





PTF. 

14. 

39* 

30, 

49, 

90, 

Oil, 

80. 6u'. 9o. 

too* 

110, 

FRtg 1 











kh2 I 









•89; 1 

•29*3 

.?^0 

•3U.3 

•36.6 

•22.2 

• 1^4 

•38,8 

•26,1 

^24,6 

•86.8 •86.9 •a6.0 

.315 


•a?.« 

• 33*2 

•33,9 

•34,9 

•24,9 

i^3l,2 

•aa.8 •aa.6 >88. t 

•24/J 

•21,2 

.mOO j 

•32*2 

• 19,9 

•3I.& 

•23;«l 

•33.6 

•23,3 

•19.0 

•81, u •21,4 vOO,) 

•88.9 

•20^1 

.500 

• U1*2 

• 14.9 

• 19*9 

• 12*4 

• 18,4 

• 18*2 

• ie.8 

•12,4 •l^.o •16,0 

• 16.4 

• 16,6 

.630 


•18. / 

• 11,6 

• 13^3 

• 14,4 

• l6,u 

• «2,6 

•13.8 •la.O •18.1 

• 14,3 

•12,9 

, Ron 

*M,3 

•2,3 

•a, 2 

•«*< 

• 19,4 

• 14*6 

•«.e 

•19,6 •19,1 •OiO 

• I0> 

.0*2 

1.00 

•b»9 

•4,4 

• 6.4 

•6,0 

•2.4 

•8.6 

•2,7 

•8,2 •2,0 »6,9 

*6,9 

.2,2 

1 . .“j 

•6*9 

• t.4 

•3*0 

.4^1 

•4.6 

•S.9 

•9,1 

••6,2 •4,3 •B,^ 

•6,8 

.C«4 

1 . 60 

•9.0 

• *9 

•4.6 

• 1,9 

•3«« 

«3,6 

• 3.B 

’•4,9 •4,6 *3,6 

•6,3 

•9*1 

? . no 

•3*2 

4,4 

• *2 

0,9 

0.4 

• 1,6 

• 7.3 

•3^8 «a.9 •a.B 

•4^ 

•4,4 

? ‘»'i 

• 1,6 

6,8 

3.8 

s> 

a.3 

•0,2 

• 1,9 

•1,0 •O,! *2,4 

• 4.9 

•3,9 

3. 15 

•t*9 

9*1 

6,9 

4,8 

3.2 

l,u 

• 9,4 

•0,0 •O.O •2,2 


•4,2 

It . no 


13.1 

8.1 

e>' 

4,6 

3.3 

9,1 

*•0,2 •I.O •Z.B 

•9,1 

•9,7 

5.00 

i.e 

14,1 

9.3 

0,9 

9,2 


l.U 

’•1,0 *2,9 *9,0 

•2,2 

• 2^0 

6. 30 

• «6 

19,8 

9.9 

6,4 

4.2 

3,1 

• 1,6 

•6,9 «4,6 -O.i 

• 17,7 

• 11,0 

P.OO 

1*4 

12,4 

8,0 

4,0 

7.3 

•4,6 

• ll.l 

•19,9 «2,4 •6,4 

•v,o 

•0,0 

m.o 

41.3 

• 6.2 

4,9 

•3,3 

•4,4 

•3.2 

• 2,6 

•4,6 •S.O •6,7 

•6.8 

.6,0 

12. 

•8*3 

13,6 

t.9 

-8; 8 

•9.2 

•0,9 

•v.t 

•2,9 «0,0 •i2,2 

• 14,3 

• 12,6 

16.0 

•4,3 

• 3*« 

•3,4 

*••#• 

•6,6 

•9,u 

•12,9 

• 1 1 ,8 •10,7 •M.S 

• 12,9 

• 12.3 

20.0 

• e .8 

(«.« 

•3.1 

•2.9 

•4.4 

•3.0 

• 18.8 

•19.9 •14, 3 •19.4 

•29,6 

»I9,2 

?S.fJ 

•4,6 

• 1.2 

•3.^ 

•9;& 

• 1 ,3 

• 1.4 

• 2,6 

•11,0 •19,3 *14,6 

- i2',a 

•i«;4 

31.5 

•4.8 

• t .2 

•3.8 

• 8,4 

•3.8 

•3,0 

• l|i,8 

• 13.6 •n.e •is.a 

•20,6 

•23,0 

60.0 

•14.1 

3,9 

• M,Q 

•8.0 

•6.3 

•4,9 

•13,6 

•IS.I •IS. 6 •IS. 9 

•16. 1 

• 18.0 

50.0 

•M.e 

3.1 

*8.11 

•8*0 

•H.e 

•0,2 

•18.2 

•10,2 •le.a •16,3 

• 2M 

.2319 

63. n 

• •8.8 

•4.3 

•9,9 

•9*3 

• a «3 

• II. B 

•16,3 

•19.8 - IS . 4 >18.3 

• 12.3 

•73*4 


OPTFj 




















33,9 

4.2 

•4,6 

•6‘,7 

•2,3 

•0,2 

•l9,9 

• n'.8 •11.4 •lv.6 

-la'.o 

• 12*4 
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,1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 

M = M = 0.08 


DAISY LOBE NOZZLE (run no - «6 


IKISSIO^ (RaAllVt; 10 JCT LUI'AUST) RUtRU-CCD TO NOZZLE EXIT 

1 OEGREl'S ) 


30. 40. TO. tu. 


i'o. OO. 00. (UO. Ito. 


KHZ 








*28.6 *27.4 •22.1 

•38,1 


.250 

•27,l 

•21 .6 

-24.3 

-25.2 

•26.6 

• 21.6 

-57.4 

•27'. 1 


• 23«3 

• I7',7 

•26.3 

• 2Q> 

•22,0 

• 17.8 

-2J.2 

-24,2 •23;g -16,3 

■ 30'*2 

•23.6 



GII9.9 

-|6.4 

• I0'b 

-16.7 

• 19,7 

-21.0 

-22*8 -20.8 •17.8 

•27,8 

-21,6 

.500 

•i«;3 

• 13.2 

• IS.I 

-19^2 

*16.9 

• 13.2 

• 17.8 

•18.7 -le.S -15.7 

•23,5 

• 16,7 

.630 

• «9.l 

*14,3 
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• 12.7 

• 10.3 

• 14,4 
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*16,7 

-18,7 
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•6.2 
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•8.6 

•6.6 

• lil.O 
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-3,4 

*5.0 

-6,7 

-4,7 

*3.2 

•7.1 
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-12.3 

-11,6 

1.25 


•6.5 

•2.4 
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• 1.7 

-0.4 

*4.2 

•b,4 .7,4 *7*3 

• 9.6 
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1.60 

•3.4J 

1.3 

•6,4 
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0.6 

U8 

•1.6 

• 3,3 *5,9 -O*!) 

->*7 

-6,5 

2.00 

•3*1 

t.e 

6.5 

0,8 

1.9 

2.6 

■•8,6 

‘•2.9 -4.7 -5.3 

•7,2 

•6,3 

2.50 

■•.7 

2.6 

1.8 
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2.8 

4.6 

li .4 

•1.3 *3.2 -3*6 

• 6,4 

•8.3 

3.15 

-«.a 

2.2 

2.2 


3,0 

5.6 

(i .8 

*1.2 *2,3 -3.3 

•6,4 

•8,0 

4.00 


6.5 

6.6 


2.8 

5,3 

'* C . 4 

•2.8 -3*8 *5.6 

• 8.6 

-11,3 

5.00 

•4,9 

•2.6 

•2.3 

2,0 

1.8 

1.8 

•3.7 

•5.6 *7*4 *11.1 

• 17.7 

•21,6 

6.30 

•4,9 

-1.5 

•6.6 

3,3 

2.6 

i.e 

“•5,t 

•0.2 -9.7 -l0.2 

• 12,1 

-12,4 

8.00 

•t,e 

• 4.6 

• 1.6 

0,4 

• 1.6 

*6.6 

• 16.9 

•18.0 *10*7 -13.7 

-13.6 

• 16.8 

10.0 

•«,3 

-2.3 

•3.8 

-3,9 

*4.6 

•2.6 

• 1 1 ,b 

•10,6 *17,1 -16,1 

•18,2 

• 14,3 

12.5 

•7.9 

• 9.6 

•8.3 

• 4,0 

•U.9 

1,8 

• 8,7 

•19,4 -|4,9 -17,7 

-16,7 

-15,8 

16.0 

»U,I 

• 11.6 

-M.2 

-6,0 

•2.1 

*3.4 

• 13.6 

•13.2 -10.4 -t4.4 

• 14,7 

• 16,5 

20.0 

•M.9 

•7.5 

• 7.6 

•C,9 

•4.4 

*3,6 

-11,7 

•17,3 -7,3 ^14,2 

-13,6 

-|6,$ 

?5.0 

-V.S 

-6,6 

-3.7 

-5,2 

•3.9 

•5.6 

••644 

•iu.8 *6.3 -n.d 

• 13,1 

• 12.5 

31.5 

•9,e 

•6.6 

•6.6 

•10,3 

■6.3 

• 1,8 

•7.2 

•11.1 -7*2 -9.4 

• 16.1 

• 15,9 

40.0 

•u.e 

•6,6 

-16.6 

-9,9 

•5.0 

•3.1 

*6.1 

•7*6 *7,2 •12.4 

•io;,7 

•16,1 

50.0 

«I2.9 

•V.7 

• 6,8 

• 12,9 

•18.0 

•8.2 

• 5.8 

••0,6 -13,2 -13,3 

• 16,4 

•13,3 

63.0 

•U,V 

•3.7 

*4. 1 

-12,5 

• 8.4 

•4,4 

• O.b 

•13.8 alS.O -14.7 

• 15.1 

• 17.1 


12.1 -12.0 *15. 6 .K.O 


CONICAL NOZZLE (run no = 93 ) 



LM18S10K 

ANGLI : 

( PUAiivs : 1C Jti 

LXLAL ’ ST ) RtrERCNCCD TO NOZZLE 
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80 « 
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.8 

• 16.6 
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- 28;3 

• 29,7 
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.5 

• 13,9 

- 19.6 

• 17,7 
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• 19,6 
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- 24,6 

• 23,1 
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.1 
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• 14. S 

- 16,3 

• 19.5 
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• 18.6 
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* 20,7 

• 19.1 

• 23.3 

• 21,9 
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.0 

• 6.7 

• 11.2 

- 13,3 

• 16, 3 

• 13.7 

• 16.1 

• 19,5 

- 17,4 
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- 16,6 

• 16,0 
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.2 

• 7*0 

* 8.4 

- 10,5 

• 11.6 

• 10,7 

• id.u 

• 12,7 

- 14,4 

• 14*8 

• 18,8 

• 17,4 

• 1 1 

.1 

• 4.4 

• 9.7 

- 7,3 

• 6.0 

. 7,6 

• 8.2 

• 6,6 

• 11,8 

• 11,8 

• 13.6 


•ti 

*8 

• 2.3 

• 3.8 

• 4,M 

• 9.1 

• 5,7 

-» B«6 

• 7*7 

* 9,0 

•9.8 

. 11,8 

• | 0,2 

• 6 

.8 

• 0.3 

• 2.0 

• 2.7 

• 2.7 

• 3.6 

• 4.U 

• 5.8 

• 8.1 

- 8,3 

• 6.8 

• 10,1 

■5 

.4 

1.2 

• 0.6 

• i;2 

• 1.4 

• 1.6 

• 9.8 

• o;4 

• 6.6 

■ 8.8 

• 8,3 

• e',6 

*4 

.3 

N7 

0.2 

• 0,3 

• 0*3 

- 0,6 

• 0.6 

• 3,4 

• 4,6 

• 9,6 

• 7,5 

• 6,2 

•3 

• 1 

2.0 

0.8 

6,0 

1.0 

1.3 

0.4 

• 2,2 

• 3.7 

• 9.1 

• 7.0 

• 7,1 

•2 

.4 

2.1 

0.9 

r,o 

1.6 

2,6 

r.t 

• 1*3 

• 3.0 

• 4,9 

- 6*.7 

• 7.0 

•2 

.3 

0.6 

0.2 

0,9 

1.1 

3.4 

2.1 

• 1,1 

• 2,0 

• 9.8 

• 8,0 

• 8,4 

•2 

.4 

• 1.0 

• 0.8 

0.4 

1.4 

3,7 

2.6 

■• U*6 

• 3.8 

• 6.8 

- 10,9 

• 13,1 


• 2 

•0 • 1 

0.6 

2,0 

3.4 

6.4 

6.6 

1,4 

• 3,6 


• 12,6 

• 17,4 

-2 

.2 

• 2.2 

- 0.6 

0.6 

2.6 

5.9 

1.6 

• 8,0 

• 10,5 

• ' 1*3 

- 11,3 

• 11.2 

• 4 

.3 

• 3.4 

• 4.4 

•3lP 

1.6 

3‘.6 

• 6.1 

‘• 4.2 

- 7,4 

• 10,2 

• 12,4 

• 15,9 

•5 

•0 

• 6.6 

• 7.1 

•bjo 

• 1.7 

3.3 

• «j .8 

• 3.9 

• 11,2 

• 14,7 

- 17,9 

• 17,9 

•8 

.0 

• 14.4 

• 8.4 

• 4,3 

• 3. 1 

• 0.4 

• 6.4 

■• 6,4 

• 13.9 

• 13.8 

• 18,9 

* 21,1 

*6 

.2 

- 6.4 

. 9.5 

• 4,5 

• 1.7 

1.6 

• 3,1 

•• 7,1 

• 15.3 

• 17.3 

- 19,1 

• 21,8 

•S 

.6 

• 5.6 

• 3.3 

• 1.9 

2.2 

0.6 

• 6.0 

•9,3 

• 10.2 

• 13.3 

• 16.4 

• 16.9 

•5 

• 2 

• 6.4 

• 2.2 



0.4 

• 4,6 

•• 6,7 

- 9.1 

• 19.3 

* 18,3 

• 17. 1 

• 18 

.5 

• 16.4 

• 13.7 

• 5,b 

• 9. 1 

- 2.3 

• 7.3 

- 8.1 

• 12.0 

• 15.9 

• 16,9 

• 16.4 

• 1 1 

• 6 

* 14.6 

- 14.9 

• 9,7 

•6.0 

. 4,4 

• 6.2 

- 11.6 

- 13,7 

• 19,3 

• 21,9 

- 22,9 

• 14 

.0 

* 17.5 

• 14.3 

• 9.H 

• 7.4 

• 6.6 

• 11.7 

- 13.4 

• 17. S 

• 19.2 

• 17.6 

• 25.3 


■0.3 *11.7 *12.2 .lA'.S .tS'.l 

















1/3 OCTAVE NTC (<|B) WIT‘‘ RESPECT TO TRANSMITTED SPL (NTC^) 


DAISY LOBE NOZZLE (run no= 


tHiSSlUK AKttE t«LtATlVL VC JCt RtrtRtMCtO TQ KOZ2U 

{ OCGRllS ) 


PTFt !•« 

FRtQ 

KHZ 

.250 •27»f *21.^ 
.315 *2i^l 
.^00 •s* »R *15,2 
.500 •««•« »I2«9 
.630 -’A.e 
.800 ».« *8.6 

1.00 •z»7 •2.2 

1.25 4,7 


30. 4U. to. eo. 7g. ao« 90. too. 110. 

-2t;i •aO.A *21.4 •'22,3 «2«.4 «27«3 *22.0 -St.O •27.0 

i*20.7 •21.6 «23.U vSA.I •asj.O -19. | •30.0 *23^4 

M6.4 -iv.s •it.s «su.e •si.s - 20.6 •i;.? * 2 ;, 6 •ai.s 

• 18^0 •it.o *13^0 •t;.6 ata^s -la^? •to. a * 23)12 ^la^s 

"ll^t •la.e • 10,0 *14.2 •It. I -IS^O •tSpI *19^4 *15^4 

•7.0 •8.9 vt.! •lu.l •It.l vRat •10.2 *19^3 •12^9 

•3;.0 •a.O *2.3 •e.3 *7.3 «7;.5 •a.O -M.S • 10^6 

•A'.y •u.a o.a «j.u vA.; •6.2 •d.? •s.a •9.i 


>8.3 *n^0 
16.1 •20.1 


.3 >7.5 •6'.; «6.3 *4.7 •V.| viu.e -ll.R •11.7 -lSl3 »lt.7 


CONICAL NOZZLE (run no = 93 ) 
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»|f )0 
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f so 
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00 

1 

?5 

1 

60 

2 
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2 

SO 

3 

15 

h 

00 

5 

on 

6 

30 

8 

00 

10 

0 

1 ? 

5 

16 

.0 

;n 

0 

75 

.0 

31 

5 

5 o 

. 0 

SC 

n 

63 

.0 


tf'lSSlCN 

i>^CLC (RUAUVE 

TC Jtt 

CX^AUST) RtrEREKCCD TO K0Z7LE 

EXIT 
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1. 3( 

)• 

40. 

So. 
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70, 

8U. 

90, 

100. 

no. 

24.4 •le.i 

• 17 

.6 •2013 

•24.6 

•2 1 .U 

•23.2 

• 22.2 

•24^7 

•22.2 

-27;9 

• 24.9 

24,7 *13.1 

• 14 

.8 .16.9 

•2U.3 

• 17.6 

-IV.3 

• 19.1 

•21.3 

• 19.9 

•24^0 

-22.3 

19.3 *11.6 

•13 

7 •19- 


•1 0.6 

• 16.2 

•17.6 

• 17.6 

•i9i.e 

• 18^3 

•22^9 

•21^0 

16.1 •e.e 

-l« 

7 -12.4 

-14.4 

-12.8 

•14.2 

• 1 4^6 

•16.6 

*16.1 

• I9j»0 

• IO^rO 

13.2 -c.a 

• 7 

.4 .9- 

»6 

• IU^9 

•9.6 

• 1 1.0 

• 11^7 

-I3p4 

•13.6 

• 19.9 

•16^4 

•4*2 -S.S 

*4 

,9 -6^9 

-7.2 

•7.0 

•7.4 

• 8.9 

•10.6 

• 10.9 

• 13^0 

• 13|.8 

•e.2 -1.7 

• 3 

►2 -4.2 

■ 4.9 

•t . 1 

«b.u 

• 7.1 

•9.0 

•9.2 

•11^1 

• 11.6 

•6.4 4.1 

• 1 

.9 .2, 

.3 

•2.3 


• 3.9 

‘•9.4 

•7.6 

• 7,0 

• 9.3 

•0.6 

•9.2 1.4 

•6 

► 3 -1 1 

^6 

• 1.1 

• 1.6 

• 2.6 

• 4«2 

•6.2 

• 6*4 

•8,1 

•6,7 


1.4 U.4 '-^2,2 -3,7 -S.u -7,0 •7,1 

2.6 

1.2 

• 1.3 

•2.0 

•4.0 -6.6 

• 7.0 

3»J 

2.1 

• 1*1 

•2,0 

•9.8 -7,9 

•6,4 

3.7 

2.6 

• 0.9 

• 3.8 
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• 13.1 

7.1 

6.3 

2.1 

• 3,0 

• U.4 -11. 0 

• 16.6 

6,U 

1.6 

•6.9 

• 10.4 
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4.8 

• 9,1 

• 3.2 

•6.4 
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4.1 
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• 3.1 

•10,4 

•13.0 •16,7 
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• 6.4 

•13.8 

•13.7 -18.9 

•21,1 
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• J.ii 
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•21.7 

1.1 

• 9.6 

• 9.1 
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• 4.8 

• 6,5 

•8.9 
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-2.2 

•7.2 

• 6.U 

•11.9 
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• 19.3 
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• 9,1 
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• 13.6 
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*8.3 

•11.4 

• 13.1 

•17.2 
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DAISY LOBE NOZZLE (rum no = 8i ) 


IMISSIOK /iNCLE («E1.*T1VL 10 JCt RE^ES£^etO TO ^0^:LC EXIT 
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•7.1 «fi.l 
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•9.1 
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3. 15 
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5.00 

•2.7 

•2.6 
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-6.6 

• 4.2 
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3.9 
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8.00 

• 7,4 

•9,4 

• 7.0 

.4,2 

3.9 

•4 ,7 *13.3 

10.0 

•4.4 

•9.4 

• 3.0 


9.3 

•3.5 •14.0 

12.5 

•4.4 

•6,8 

• 2.5 

1,9 

4*2 

•0.6 *9.b 

16.0 

• 9.2 

•9.1 

• 3.9 

•2.6 

• 2.2 

•4,4 • 1 2. 1 

20.0 

• 11 .0 
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• 4.2 

-6[.4 

• 7.6 

• Ifi.O ^2l>.9 
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•7.S 

•9.9 

• 3.8 

• 6.2 

• 2.3 
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*16.1 
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•24.2 
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Dl'CNllS > 







PTF^ 

1 A • 

26. 

3(1. 

40. 

Sii. 

eu. 

>9. 

8u. 

90. 

too. 

no. 

THLl) 














KHZ 














.250 

•*V 

• 3 

•9.7 

•e.ii 

.1219 

• 1 6.11 

• IS.S 

•^23. 6 

•26,3 

•31.6 

• 36.9 

>38.7 

• 37.6 

. 3*5 

• 17 

• « 

• C.6 

•6 ,8 

-1q,5 

-13,3 

• 14, e 

• IV.6 

•23,1 

• 27,5 

• 3o. i 

• 33.9 

>33.3 

.tioo 

• 1 9_i 

.9 

•5,6 

• 6.2 

•916 

• 12.3 

• I3.e 

• 10.4 

•22,u 

•S6.t 

• 26.6 

• 32.4 

•32,0 

.500 

• 13 

.4 

• 3.2 

• 3.7 

•6.9 

•9.7 

• 1 0,7 

• 14.2 

• 18.7 

•21.2 

•21.4 

-26,8 

•27,0 

.630 

• If 

.9 

•6.8 

• 1.9 

• 4^5 

.7,1 

•e.i 

• 1 l.l 

• 16.9 

• 17,9 

>17.6 

>88,9 


.800 

•8 

.2 

9.9 

C »8 

• 1^7 

• 4.V 

•5,4 

*7,2 

>IS*b 

• 14,2 

• 13.8 

• 18,9 

• 19.9 

1.00 

•(! 

.3 

1.8 

2.41 

•o^c 

• 1,6 

•3.2 

• 4,1 

•9n 

•IU,9 

• 10.3 

• 15,4 

•18,4 

1.25 

• 4 

• 9 

1.3 

2.3 

O.h 

• b . 1 

.1,6 

• 2.t 

• 6,2 

•8.0 

•7,4 

.18,3 

>13,4 

1.60 

•3 

• 9 

6.2 

2.2 

•'j 

U.9 

0.1 

• 4.9 

• 3.7 

>8.9 

•9.1 

<«9,6 

• 10,8 

2.00 

•3 

•c 

•9.7 

6.9 


2.2 

1.9 

.I..7 

• 1.7 

•3.9 

• 3.6 

•7*9 

•8.6 

2.50 

•2 

.4 

•2.6 

•6.1 

1^6 

2.7 

5’ *> 

c • V 

b. 1 

• 0.9 

•2.6 

• 3.4 

•6.9 

•6 . 3 

1.55 

•2 

• 2 

•9.2 

-1.1 

9.9 

2.1 

3.3 

1.7 

• 0,7 

•2.3 

-3*4 

•6.8 

•9,5 

'».no 

• 2 

.9 

•4.1 

•0.8 

-1^7 

ii.it 

3,i 

U3 

• 0,9 

•2,0 

•4.2 

>B,« 

• M’,3 

'>.00 

•3 

• 2 

•8.6 

• 4,2 

-btn 

•2.6 

3.3 

2.6 

8.2 

•2.3 

•6.7 

>13.8 

•20.9 

6.30 

• 3 

,6 

•8,7 

• B.2 

• 3.7 

• 2.4 

3.7 

J.8 

• u.J 

•6.8 

• 12.4 

>17,6 

>16,7 

8.00 

•9 

• 4 

• t«.2 

•e.3 

-9lo 

• 4,7 

2.7 

2.4 

• 6.3 

•14,3 

• 10,6 

• 14,7 

• 18.8 

10.0 

•S 

.9 

• 13.9 

• 16.9 

• nil 

•6.4 

1.9 

1.7 

• 6.9 

•9,7 

• I4j4 

>28.9 

>19^6 

12.^4 

•5 

• 4 

• 11.7 

.0,7 

• 11,6 

• 9.P 

*.« 

3.3 

• b.4 

• IU.2 

•13.9 

>16,6 

>88.8 

16.0 

•9 

.9 

•29,9 

• 1 7 . 1 

• 16,1 

• lu,2 

• 1,3 

• 2.V 

•13.2 

-16.3 

•23.1 

>8:. 2 

>88,3 

20.0 

• 12 

.0 

• l7,v 

.12, *1 

.17,1 

• 13,6 

.3.7 

• 12,2 

-144,5 

• 17.3 

•14.6 

•38.4 

>83.6 

25.0 

•3 

• 9 

•9.9 

•9,3 

•tl 3 

•2.7 

4.4 

I.H 

•3.3 

-9.1 

-7,7 

-I6j7 

• |8'.0 

31.5 

•4 

.2 

• 19,6 

.9,9 

-6,3 

-2,2 

4,4 

J,«i 

■•9. 2 

•9.1 

• 9,0 

>13,7 

>88,7 

uo.o 

• 3 

.7 

• 12.6 

•« 1 o • 6 

-jjv 

-2.4 

t.t 

2.6 

■•4 .It 

•8.9 

• 8.4 

>18.0 

• 17.0 

50.0 

» 1 .• 

.3 

• 11,2 

• 17,1 

-1J.6 

•9,8 

• U.3 

• J.8 

• 12.2 

-16.9 

• 14.0 

>88.7 

>88.4 

63.0 

• 11 

.9 

•7.7 

• 14.4' 

• IS. 3 

• t 1 ,ti 

•3o4 

'•7 , 4 

• 13.2 

•19.2 

•18.1 

• 19.3 

• 29. < 


• S.9 -4'.l >4.6 >3. 4 >4.7 *H.6 >||.| •It. I atS.; *17.7 


H 







CONICAL NOZZLE (run no = ”3) 

rflSSlON ANUt (RtUATlVt tC JtT EXt-AUST) RLTERtNCCD TO KCZ7LE EXIT 

( DtCREES ) * 


30. 40. 

60 , 00 . 

70. 

•7^7 -10.7 

•1 1.9 •16,2 

• 2 l,u 

•8.9 •11.4 

•12.6 .17.7 

•21.2 

-8.7 .II.B 

•12.8 -17,6 

•21.2 

•e;4 .9.1 

•tC,l - 13.6 

•18,1 

-4.2 .6,9 

•7.9 •It.O 

• 18.6 

•C? .3.9 

-5jr3 . 7.1 

•12.4 

•0^9 -i.e 

•3.2 •4*1 

•9.1 

0^9 .U.l 

• 1,6 

•6.2 

1^3 0.9 

0.1 *u.9 

•:.7 

lj*5> 2.? 

i.e •U.7 

• 1.7 

l.c 2.7 

2.9 u.l 

• 0.9 

9/.V 2.1 

3,4 1.8 

• 0.7 

•1^7 u.y 

3, t 1,3 

• 0,4 

-5.H .2.C 

3.3 2.6 

0.2 

•3.3 .2,0 

4.1 4.2 

0. 1 

“9.6 .4.e 

2.8 2.4 

• 6.3 

11^1 -o.l 

2,1 1.9 

• 6,2 

M.l .9.3 

2.5 J.6 

• 4.9 

18.0 -H, 1 

•1.3 *2.9 

* 13.2 

17*.2 *13, 6 

^ A ^ A 

•3,7 .12.1 

• 1 U.6 


•3fi.4 

-89.8 
•29.4 
•20 • 6 

•14. a 

•io«o 

• 8.0 

•.1,8 
• 2.6 
•2.3 
• 2.0 
•2.3 
•6.4 
•14.3 . 

• 9.4 . 

•9.? - 

•15,3 < 
-17.3 ' 
•O.O 
•9,u 

• 6,4 

-16^? 4 

-19. I 4 


• 33.5 
• 31,9 
• 31.6 
•25;e 
• 22,3 

• 16.6 

• 16-4 
•12.3 

• 0^6 

•7^5 

-6^5 

•6^6 

•6^9 

•1352 

• 17.4 
•14.6 

•22^6 

•IB.l 

• 23.2 
•2?;.4 

• 1 6,6 
• 13^5 
-14,9 
-22j»5 
•19-2 


•S2l3 

• 3ll4 
•31.2 

•26le 

•23.4 

• 19LB 
•16^4 

• 13.4 

• lo^e 
• 6.8 
•6.3 
•9,4 

• 14.3 

• 20.9 

• 16,3 

•16.7 

•I9;3 

• 22,0 

•28:3 

• 23'.6 

• 17.9 
• 22.6 
•16,9 
•28.2 


*7,7 -10,2 *10.3 


•M.9 •16.« 







.1/3 OCTAVE HTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 


Mj= 0 M.J. « 


DAISY LOBE NOZZLE (run no = 39 ) 


tN|S«lOK AM ' (OLl.AflVr 16 JC1 rAAAUdI) RCrtHtNCCO 10 NOZZLr 

talT 





1 montts ) 



RTF, 

74, 

3(1. *0, 

80. 00. 70. HUt 6u, too. MO. 


KHZ 






.250 


• i<i ,3 

■2«.9 -23> 

■29.0 .96, S ■’22.4 .2u'.l -12,3 -22. C -19,3 


.315 

■ 1(1.3 

• 8,6 

«I7.7 •au.l 

■21.0 -22.1 -19.(1 -I2;3 -M.a ■18.2 -19,2 


.400 

• 16.^ 

-a.6 

•16.0 •18,4 

■I8.< •19,6 -16,9 -16.9 -13,1 *16.6 -IS,*) 


.500 

• 14.41 

■6.2 

-13.6 -18,7 

-16,2 •IS.U •\4.\ *13,4 -tl.B -14,2 •M,H 


.630 

•'*,« 


• II. 2 •I2l4 

• 11,6 -ll.u •lii,8 *16^6 -O.l -11*1 *6,0 


.800 


• 3.9 

■9.0 -9,3 

•8,7 -6,4 •8,1 •8,2 •6, 8 -S.! •7,oU 


1.00 

•7.8 

-2.6 

•6^6 -7^0 

•6,6 -7,u •6, 8 •6|>8 •Bj.S -6,7 


1.25 

-7.1 

-1*4 

•8.0 wd*/ 

-8,6 -6*1 ■c,l '-6,2 -8,2 -6.7 -8^9 


1.60 

•7.4 

•4,4 

■3.9 •9,2 

•8,6 -5,6 *0,3 -O,? •8,6 •6,6 -6110 


2.00 

•6.4 

<1.6 

•2.3 *3^8 

•4,1 -4,2 •8.1J ’-8,8 -4^8 -6,1 -8,1 


2.50 

-9.3 

1 .8 

•2.1 *3^4 

■3.6 -S.S -3.8 ■4.6 *4.9 ■6.(1 -a. 6 


3.15 

■9i( 

3.6 

•4.2 -S.D 

*2.9 >3,2 -3.9 ■6,3 ■6.2 -2.1 .6;i6 


4.00 

-5.3 

<i.4 

•6.2 -9,1 

•3,0 «3,2 •«4.e >«6^4 •7,6 -6,3 •8,4 


5.00 

•7*3 

4.6 

•3.0 -dAO 

■9.9 .6.3 -0.4 .11,7 -|3.6 -17.6 -l3,2 


6.30 


•s-j 

.i«.6 -n,9 

«7,2 .8.1 -11,4 -t4,6 -13*8 -13*0 •12.4 


8.00 

• 11.4 

•7,8 

■ia .6 -i9.2 

•14.0 *15.2 .i3.2 '.O.a -2.S >9.1 -6.4 


10.0 

••*4.6 

-7*1 

• IS. 9 

•9,7 -45^u •8,6 -8*5 -6,4 •11,8 -10,^ 


12.5 

•5.2 

•4! ,4 

•4,5 •6^6 

-7,6 -7^3 «8,ij -6^7 •6,8 *>12,4 ./.a 


16.0 

•8.4 

2*6 

•7.8 -6.J 

*8,2 -8,C *8,0 -10,3 *11,7 -le.Q -10^3 


20.0 

-8.2 

2.3 

•13.2 •n.v 

•6*3 — C,u '•2,8 ’—7,0 —8,4 —l8.8 —6^2 


25.0 

-5.1 

6.4 

•3.1 -8,4 

•8,2 -E.e *4.2 -11.8 -ll.S •14,3 •M,0 


31.5 

-4.3 

• 4.9 

3*6 1*3^6 

•4,4 -4,1 «4,5 •12,0 •!?,] -IS.O 


40.0 

-S.z 

6.2 

•<.l -2,4 

•6,2 -5, 6 •2,8 -14^2 •13,4 -13,2 •12^6 


50.0 

-8.4 

4.7 

■3.9 -Id.! 

•6,0 -6,1 •4,8 «I4,3 •t3,7 -la.l -IS^l 


63.0 

•4.4 

2.7 

•7.4 • i 1 ,5 

-11.2 .9.« ■«.« .I6.S .14.2 >13.9 -16.9 



OPTFi 



.incni ^ _ 








21.4 

■3.9 

• l«.F ■•2'.l 

• 11.9 -ll’.s -11.9 -ll.a .10',4 •12.4 -It.t 


CONICAL NOZZLE (run no = 120 ) 


LKIS810K 

AMU (RtLATiVt 10 JC1 tACAUSI) RtrCREMEO TO NOZZLE 

EXIT 





( OEGRiES ) 



PTF^ 

16* 

20. 30. 

40, So, eo. 7u. 8o’, 90, 100. 

Mo. 

FREQ 






KHZ 






.250 

•14.8 

0.6 

•19*7 

-31,0 -26,2 -28,6 -40^0 -28,8 •25,8 -27.7 

•23,2 

.315 

■ •2.6 

4.7 

•17.1 •28,8 

•26.4 >24.9 >24.4 .32.4 -24.8 -21.8 -23.6 

• 19*9 

. 400 

• 18.7 

l.l 

■•2.2 -23,B 

-24.4 .22.6 -'2.4 .3u.u .22,9 .20,0 -21.6 

-16,2 

.500 

• ifi.C 

•4 .8 

•14,4 •16.3 

.19.0 .18,6 •l2.< .19.2 .12,6 .16.1 .12^6 

-19*1 

.630 

-15.2 

• 14,6 

•15,6 •IS^J 

•15,3 -14.5 •14,0 -14,2 •IS.S *12,2 

•il*7 

.800 

• 11.6 

• f 1.8 

-11.4 -1U7 

•11^6 -ll,! -111,? -tU,? •10*6 •a*! *10*3 

-6*8 

1.00 

•4.4 

• 7.9 

•7.8 -8.8 

—6,8 —6*5 —8,2 *— 8**i —8*2 —6*8 —8*1 

-6^7 

1.25 

•7.1 

• 4,2 

.4.3 •8,2 

•6,9 -6,4 •5,0 ‘•6*1 •a.O *4*7 ■9, 9 

-4.9 

1.60 

•5.8 

•1.4 

■2.1 -2,6 

-3,6 -5,0 -4,4 •4,2 -4,5 -3,6 -4*9 

•S‘*6 

2.00 

•4,1 

1.2 

•6.4 -6,6 

-2,3 -3,6 •2.6 ■•2»5 -2,7 •2*7 -4,4 

•3,2 

2.50 

•2-8 

4.7 

1.6 6.0 

•U«4 -1.3 -0,6 ’-1,6 -2,1 -1,5 

•2*3 

3.15 

• 1,8 

7.6 

3.1 2,.J 

1.9 0.2 0.1 >2.1 *2.0 *1.7 *3,4 

•2,9 

4.00 

•**4 

11.4 

4.6 7^t^ 

2,4 1,6 l.l •3,U -1*2 *1,9 -3*2 

•4,4 

5.00 

•4.5 

13.5 

4.3 2,H 

2,4 1,2 ii,M ’-4*1 -4,1 •4,6 *6,7 

•7.3 

6. 30 

•i.a 

14.6 

3*6 2^0 

2,4 -0,3 -4,6 -8,1 -9,6 -10,1 -12^0 

*12,0 


•8,4 

M.2 

•3,(i •3.6 

•0,7 -6,0 -11, 8 •l8,9 -|9,0 -11,6 •ti.ft 

-12.4 


•7*6 

7.6 

•9.4 -6,6 

-6,6 -6,1 -6,4 -O.U -ll*S -9,0 •10*8 

■11,9 

12.4 

• 11,6 

1.6 

•8,6 -10^2 

-10,1 -8,4 -11,7 •16,7 -17*9 -13,5 -Id,! 

-16*4 

16.0 

■ ••>3 

3.3 

•6.6 

•8,6 -8,4 -12,3 -I7’,6 -14.1 -13. 1 -19^3 

• 16,6 

20.0 

46*1 

7,2 

•I.Q 

•6,9 -lu.u -14,1 -22,3 -20.3 -17,1 -16. 8 

• 13.9 

25.0 

• H,6 

6.6 

•4,1 -8^4 

*3.6 *2.S *17.3 *19.3 *12.7 *13.1 .13.4 

• 14l4 

31.5 

■'0,3 

4,1 

•8.0 -9^0 

.10.7 .9.1 *10.9 .11.4 .|3.9 *13.7 >13,4 

-14.4 

40.0 

• 16,8 

4.6 

•16.8 -6.4 

-11,1 •M,l -11,8 •M.a -20.6 -M.O -13*6 

• 16.0 

50.0 

■ •3.8 

3.8 

•9.2 -11^4 

-18,3 -17, 1 -IttO -yu.O -19,7 -13,6 •18,9 

•22.9 

63.0 

■ •1.3 

4.8 

-12.3 •12.6 

-14,2 -17,2 -14,4 -21,0 -19.0 -11.9 -14.3 

«26,0 


OPTFi 








liUo* ■! 1 



23.1 

4.1 

•8*4 -y.D 

.(0.2 *10.9 .li.'.9 -12.3 .12.2 *10,7 .12^6 

• 11*5 


212 











1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTCt) 


Mj 0 = O-'b 


DAISY LOBE NOZZLE (run no- ^9 ) 


FREQ 

KHZ 


.250 

I 

.315 

1 

.^00 


.500 


.630 


. Boo 


.00 

t, 

.25 

I, 

.60 

2 

.00 

2 

.50 

3, 

. 15 

^1, 

.00 

5. 

.00 

» 6. 

. 30 

8. 

,00 

10, 

,0 

12. 

,5 

16. 

0 

20. 

0 

25. 

n 

31. 

5 

Ii0. 

0 

50. 

0 

#6’. 

0 


ICISSIUS /iKtLl t«lLA1IV» IP Jt1 CX^At.81) RCrCHCKCtpO TO NOZZtr f«lt 

t DL6HUS ) 



40. 

50. 

to. 

7ii. 

ifl.e 

• 2l> 

•23.11 

•24. t 

•2 0,4 

tb«3 

• I8^g 

• 18,6 

• 19.7 

• ie.5 

1 J.u 

• 15.3 

• IS. 9 

• It .8 

-IJ.V 

16. e 

-I2;3 

• n.s 

• 11.7 

• 1 ti , 8 

• 7.1 

•8.2 

• 7 .S 

•C . F 

-e .t 

• 2 

-5> 

• 4,6 

• 4.t 

•4.2 

• 3.9 

•4.2 

.4.1 

•4 , ! 

•3.7 

• 2.9 

•3^7 

.3.9 

• 4.1 

•4.1 

• ?.2 

-3.4 

.3.8 

-3.^ 

•4 .* 

.1.0 

• 2.3 



• J . 7 

• 1.2 

•2.fi 

•2 , i 

• ? .5 

•J,t 

-3.7 

.S> 



•3.^ 

•b .C 

•8,'i 

.2.1* 

-:.i 

• 4.4 

•6.9 

-3.V 

-3.H 

-4.2 

•t , 3 

• 3.C 

-J'.7 


-t./ 

•3-5 

14.3 

-is;,2 

-13,: 

• M.7 

-12.7 

IS. 4 

••4.1 

•9.1 

-t.t 

•5 . E 

• 2.4 

-4/j 


-?.2 

• J. 1 

• 7.4 


•4.t* 

.5.1 

• 7-C 

12.8 

.13,5 

-e.u 


• 2.5 

• 2.4 

-4.7 

• 4,ti 

-4,e 

•3,4 

5.9 

-t‘.9 

• 2, 1 

-i.fc 

•2.2 

2.0 

•5-3 

.4,11 

-3,1: 

•1.4 


'IS, 3 >20.0 

-16.4 

'12.4 >ie.2 

• 13,^ 

10. 1 •13,6 

• U . 9 

•8.2 *10.8 

• 8,5 

-f,0 -b.S 

-4,9 

•3,0 •4,2 

• 3,1 

•2,7 -3.9 

• 3.0 

-3.2 -4,7 

• 3.H 

•3.9 -5.2 

• 4.3 

•3,6 •4.8 

•3, a 

•4,1 -5.2 

• 4^8 

•5,8 -C.? 

• 6 , 1 

•7.S .9,2 

-8,3 

n.S -15.7 

•11,6 

•6.4 •5,5 

-4.9 

•7,0 •e,6 

-7.8 

•8.8 •11,3 

• 9.6 

•4.7 •IU,4 

-5,8 

il.3 -16.8 

-9.9 

•8.0 •15,1 

-8,9 

10.8 -is.g 

-10.3 

•9,7 •9,6 

-11,? 

11.3 -10,9 

•10,5 












1/3 OCTAVE HTC (dB) WITH RESPECT TO INCIDENT SPL (NTC^) 

M, = 0.16 


DAISY LOBE NOZZLE (run no = ) 


iHlSSlQK (RlLAIIVI 1C JP1 Ui^AUOt) RirEMCKCtn TO Knzzur EXIT 

( DtCHiES > 


FREQ 

KH7 

PTFi 

>4. 


34. 

49. 

£«• 

6«. 

74. 0U. 90. 

100. 

1(0. 

.250 

•3*9 

14, 4 

-22.1 

-29' 8 

•26.2 

•28.1 

*26.4 

-27.2 •30.8 -25.1 

-29. J •27.6 

.3I& 

*9.6 

H.9 

• 1 6.9 

-21^4 

-22.0 

•24.1 

-23.M 

-23.6 -26.7 -22*1 

•28.9 -24, a 

.I 4 OO 

*9.2 

8.2 

-17,6 

• 19.0 

•2U.1 

• 22.3 

-21.2 

•22.1 *24.6 -20.9 

•24.1 

• 23,2 

.500 

• <4.7 

9.9 

4 . 1 

.15,7 

- 1 6.b 

• 16.8 

-16^6 

•I9.3 -21.3 -16.4 

•21. •21.0 

.630 

-16.3 

- 6,4 

• 12.& 

• 12,1 

• 17.9 

• |5 .4 

- 1 b .6 

-I6«? -i;.8 -IS. 7 

•18,1 •16,3 

.800 

• 13.1 

•9.1 

• 6.4 

-eji 

•9.1 

-tl.t 

-12.0 

-12.9 -|3.e -t2«4 

•15.0 -19.4 

1.00 


• 3.2 

■ S • 1 


»9«P 

•6.3 

• 9.2 

• Hi.2 -|U,6 -9.7 

•12,4 -13,0 

:.?5 


•2.1 

• 3.4 

-pjo 

• 3.4 

-5,1- 

• 7.». 

•6.4 -8.2 -7.9 

•10,6 -11,9 

1.60 

• t.3 

• 1.1 

• 1.9 

•6.7 

• 1.2 

•3.6 

• 8.2 

•6.^ •O.S -O.H 

-9,t 

• 9.9 

2.00 

•9.3 

•4.4 

-1.6 

u;? 

U.3 

-2.1 

'• 4 

•9.3 -5.1 -4.3 

•6,3 

• 9,6 

2.50 

• 4 .Q 

4.6 

• l.l 


2,0 

•o.e 

• 3.0 

'•3.2 *4.0 —9.8 

• 7*6 

•9.0 

3.15 

-2.e 

2.1 

1.9 

3,8 

3«l 

O.o 

-2.4 

•2.3 *3*3 -9.9 

-6.0 

• 6.5 

«».oo 

•2.8 

4.6 

2.9 


3.2 

•1 fiS 

• J.8 

•2.1 -4.3 •7.5 

• 11.0 -n.4 

5.00 

• 4.4 

3.9 

3.4 

3.6 

1.2 

•3.8 

•7.4 

-7..^ -9.4 -12,3 

•18.2 •2U.7 

6.30 

• 4.9 

4.7 

9.3 


• U.2 

•7 . 1 

• 1 I.H 

•|4*| -18,3 •14,1 

• 14^4 •IS'.J 

8.00 

-3.3 

3.3 

7.6 


1.9 

-8.2 

-2 5 , n 

•16.2 -13.9 -11. A 

-13.1 -12.6 

10. 0 

• 1.9 

•4.3 

7.4 

6,8 

4.9 

1.3 

• 8.5 

•6.7 •19.4 •iS.a 

-15.9 -9,5 

12.5 

•9 • 1 

K7 

-4.2 


2.7 

-1,1 

- Ml • 5 

-12,6 •11,3 *11.0 

•17;4 .12.4 

16,0 

•/.7 

1.7 

• 9.3 

-3,0 

U.4 

-3.2 

• 12.2 

•15.6 >15,2 •I0.9 

-15,6 •11,4 

20.0 

-6.9 

1.7 

• l.« 

-0,6 

0,5 

-3,4 

-14.9 

• 15'.9 -10.4 -8,2 

-14.0 -13.0 

25.0 

•5.7 

4’.4 

4.2 

•9lo 

• U.7 

-0.1 

- 1 u.u 

'•1*6 •6.6 —13.0 

-15.9 -11^3 

31.5 

-5.3 

3,9 

2.1 


0.1 

-2.7 

•7;9 

•6,6 -12,6 -8,6 

-16,2 -10,3 

lio.o 

*7.1 

-9.2 

• 7.1 

-1,9 

• 0.8 

-0.4 

•8.9 

•4,6 -5,1 •8.7 

•17,0 -16.3 

50.0 

• 6.2 

-5.8 

4.8 

-6,9 

• 1 .0 

t.4 

-14.9 

•5.2 -12.0 -12.9 

-19.6 -21.1 

&3.0 

•4.4 

-9.9 

9.4 

6.2 

9.3 

2. >3 

•11.7 

•7.0 -16.2 -17,4 

•19.6 •20.6 


13 •S.s »i|.4 -11.8 -12.8 -12.7 «I5.6 -ie.2 


CONICAL NOZZLE (run no - 96 ) 


EHISSION AKCLL (RLLaTIVL IC JLT tX^AlST) RCftMbSCED TO NOZZLC EXIT 

( OLGKELS ) 


•2S«8 •24.5 *17. 7 
•22.6 -tC.y -19.7 
•2«.9 •19.5 -IS. I 
»M!«3 -4.9 -iS.I 
•19.4 *7.3 -ll.l 
-I2.> -6.9 -6.7 


• t4«j «6.3 
•8.1 -3.9 


—6 a 9 —6 • 7 

•6.3 -6.8 

•3.9 -3.7 

•6.4 -2.2 

2.9 •O.O 
9.4 r 


3i). 

4g. 

90. 

eu. 

70. 

60, 

‘lo. 

too. 

23l5 

•24 

*0 

-22,8 

-22 

.9 

• 27.6 

• 27,4 

•23.9 

•31,5 

20,2 

-20 

.7 

-19.7 

-19 

• 9 

-23,6 

•23*7 

• 21.0 

-27,1 

ta,v 

-19 

.2 

• 16.4 

• 16 

.5 

- 22.1 

• 22,2 

• 19,6 

•25,4 

i 6 ^a 

-16 

.9 

-19,2 

• 15 

• 8 

• 18,3 

•16,9 

•17,0 

- 21,1 

15^2 

• 12 

• 9 

• 12.3 

• 13 

.0 

• 16.1 

• IB. 4 

• 14,4 

• 17.6 

10,1 

-10 

.0 

.9,6 

- 1 ii 

.2 

• l!,6 

- 12.2 

•11.4 

• 13,7 


• 7 

.9 

-7,6 

• 7 

.7 

• 8,6 

• 10,0 

-9,6 

-10,5 

-5,0 

•5 

• 2 

-5.1 

• 6 

.2 

•6,9 

•6.9 

•6*3 

-6.6 

-J .2 

• 3 

.0 

-2.7 

•3 

.2 

•• 6.6 

•7,6 

• 6.8 

• 7.5 

-i;e 

• 1 

.3 

-1,1 

• 2 


•5,3 

•6,4 

•9.9 

• 7,0 


13*3 •I2»e •I4.f •\ 4 »? 















]/3 OCIAVE NIC (dP.) WITH RESPECT TO TRANSMITTED SPl (NlCt) 

‘i M. ^ O '* Mt ” 0.16 

^ 

DAISY LOBE NOZZIE (run mo- ' 

IK 1 S 811 J 6 * 6 tu iHunvi 10 4 H nirroKNCto iu KozYtr imt 

Ft JO. 40. *0. til, 7o. «u* 9y, tf»g, n«i 


14.1 w?!*® • 26 #» •^Jrt ,2 • 27,1 •JO./ •JS.U 

12.1 -»e,4 •2U3 -ai.O -24, i -22. « •23.6 •26, S -ai.e -PS. 7 

e.9 «I7.4 -IV,0 •2?.l -2t.J* -21.8 -24,6 .ao.J -2J.*» 

C.7 -«3.9 .Ib.b -16.3 -18. t •ifc.4 -IW,* -21,1 -Ifl.P -P1.0 

-5,/ -12.3 -ujy *12*7 -15.2 -lb. 3 -lO.U -l7.6 -IS. 8 -17. a 

• 4-6 •8.11 -7,7 -8.7 


> 11.1 -I 1,6 - 12,4 


7^S -24, tJ 


21,1 - 18,2 - 21.0 
17.6 - 18.8 - 17 . a 
13,4 - 12,0 - 14.8 
.7 


IV. 8 -21,0 


CONICAL NOZZLE (run no = 56 ) 


LKlSSIC^ AKOLt IRLLAllVl 1C Jfl lAHAUSl) RtrfcREKtD TO SOZZLE 

1 UtCREIE 

tXlT 

PUj 

14 . 20, Jo, 

40. 

5o. 

to, 

7 0 , 8 0 , 

20, 

100, 

llo. 

• 24.7 

«IV,4 •lO.C •PP'^J 

•22.9 

-21,7 

•^21.8 

•?6r4 *26.3 

•22.8 

•3n*,4 

• 2s;3 

• 2«.7 

• is.a -14.7 -19’, 2 

-19, t 

• 18.6 

-16. 8 

«'22.6 -22.6 

• 19.9 

-26.0 

•22.7 

-2«.5 

• 14.5 -14.1 -I?’. A 

-18,2 

-17.3 

-17.5 

•21,1 -21,2 

• 18,6 

•24.4 

• 21.4 

• 17,2 

-e.b -12,0 -i4*^v 

-14, S 

-|4,l 

.14,7 

•17,2 -J7.9 

-16.0 

-20,0 

• 

»t4.4 

-6.2 •16.1 -12.1 

-i 1,8 

• 11,2 

-1 t,9 

— 14,0 — 14.3 

• 13,3 

-16.5 

• 16.6 

• M ,V 

-5.7 .7.9 -9*.J 

-9.2 

•9,u 

•9.4 

-10,7 -11.3 

• 10,6 

• 12,9 

• 13,9 

•V.7 

•5.7 -5.9 -6.7 

•7,0 

•7,0 

•7.1 

•8.0 -9,4 

-9,0 

•10,0 

•11.4 

-7.7 

-3.6 -3.8 -4;8 

-4,7 

-4.7 

• 4,7 

•6.0 -6.4 

-7,9 

_ M. M 

-8.1 

• 9,4 

A 


lu.O -12,6 


13,3 - 13,9 

















.1/3 OCTAVE HTC (dB) WITH RESPECT TO INCIDENT SPL (NTC<) 

0.6 M.J = 


DAISY LOBE NOZZLE (run no = 36 ) 


tKlSSlOK AKULL (BlUllVt 1C JH lAfAUBI) BUtRlKCCO TO NOZILt fXlT 
M U6i JO, 0|), 8g, to, j«, 60* *“• '*6* 


• 2 s,a < 

••v.o • 

•1d«C 4 
•I6«« 6 
I • 1 4 
I vii.y 

•s.e 

•4 *4 

• 3.7 
•3»5 

•4«4 

•7.7 

«c.e 

9.4 

• I ,t 

• 4.2 

•e.e 

• 4.3 

• 1.6 

• t.5 

-2.C 


•20»® • 
•fB»9 • 

•l7.fl • 

-i&.e • 

• iil.7 

•9.9 

• 7.^ 

•9 • 7 

• 2 • 9 

•4.B 

o.y 

*4.6 

• 6 • (1 

2.C 

*2.7 
7.6 
4.3 
I -2.3 
» 4.6 

\ 6.8 

» 3.4 


»24«6 -2B»3 
•21.7 •24.6 
•26^2 •23.0 
•16.9 •19.0 
•16.3 •16.6 
-12.7 •13.6 


•7.3 -8.7 
•11.6 -12.6 
-|5.4 •10.9 

•17.9 -I3.l 
• 14.6 •! 1 .1 


а. 3 -29.6 

4.8 •23.1 

3.0 *21.8 

9.9 -r».9 

б. 6 *17. 9 

3.8 •19.3 
,1.7 -13.6 
iii«4 •n«9 
>6.8 •IU.7 
.7.4 •;.3 

■6.6 *7.2 

-7.1 -r.o 
>8.7 •11.1 
12.6 -M.e 

10.9 >!0*6 
13.1 -15.1 
Il.t •9.3 

17.0 -14.4 


» W • r 
-1 1 .6 

•li.9 •13.4 

•9.2 •IS.O 

• 9.6 

•13.1 -le.o 

-13,5 •10.6 

• 9.9 

•IU.9 -lU.l 

•7.7 -6.6 

• 2.1 

•lo.u "8.7 

•9.3 •4.0 

• 9.6 

•9.9 -6.7 

•4.7 •2*8 

■ 3.4 

•8,6 •12.9 

-5.9 •6.9 

-13.3 

-19.7 •aa.s 

•12.9 -15.4 



CONICAL NOZZLE (run no = i»8 ) 








ji' TOOK CJUAUT*Y 



CONRAL NOZZLt (run no = 'o 8 ) 

If'iSSiCN AKtLl (BUAHV; HirtRlNCtC (C KfHLf EM* 

?fl. JO. Jg. sn. to. 7m, e„^ 90. ,uo. no. 


»'d4,A 

-s i.v 

I 

•»e.7 

•IJ.? 

* I fi *U • I 4>, I 

•14.5 .7,1 

• 1 t ,6 .4,1? 

•S,t< 


•75.7 *24,0 
• 8 i.» -ZI.J 
•24,5 •Pu," 
•19.0 •I7.« 
•lfl.4 .15,3 
-I3..0 •12,1 
•IU«2 .9,4 

-0.3 *7, 5 

•7,3 -6,7 

‘ 3 


-26,4 *39, e 

-24,3 

-23.3 .30.8 
•21. U -20,4 
•18j,5 .23j,| 
•10,2 •lO.O 
•13,8 *16,0 
•M.7 .|3.0 
-9.9 .|0‘,4 


t.J 

-u.e 

O.V 

•i.t 

4.7 

.3.? 

b.n 

.1,7 

'f» ‘J,!* 

6.7 -4.3 

J.v 

•1.1 




T 














1/3 OCTAVE HTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 


DAISY LOBE NOZZLE (run no = 5m ) 


171811 UlN 

AKt-Lt 

(RI^UaUVI. K JCt 

RircRtKan to icz3ir exit ' 





( 

niLRELS ) 





PTFj 


30. 

40. 

60. 

to. 

7«. 

6U. 

96. 

too. 

110, 


• ie,* 

• •7*7 

•7i;4 

-79.6 

•71,3 

•3 b .0 

• 57,6 

•30.6 

• 33.9 

• 3o,7 

•2a.i 

t.ie.4 

• Iti.d 

• 19^0 

-2?.l 

• ie.6 

^2C . 3 

•54,2 

•2/.1 

• 3U.O 

• 77.7 

•ai.v 

"14.9 

• 19.2 

• 17^9 

•96«7 

• 17,6 

•84,3 

•77.7 

•76.7 

•76.4 

• 79,8 


• la.i 

• 1 4 .7 

• 16.1 

• 13, » 

• ie.7 

-<7( .7 

*^5u,l 

-88,8 

•74.9 

• 83.3 

-•7,3 


• 13. « 

• 14.4 

-14,7 

•17.7 

• It.M 

• 17. J 

• 19.6 

•71.6 

• 20,7 

• la.e 

•9.V 

• 10.4 


• 1U,3 

•9.3 

• 17.9 

• 17.6 

• 16*9 

• IB. 4 

• 17,0 

*3 

•7.9 

•7.7 

-0,3 

•0.9 

•t.7 

.9.9 

• 6.6 

• 17.9 

• 16,9 

-13,8 


•4.4 

•6.(1 

•0.4 

•4.7 

- 3,8 

• C.9 

•epf 

•iOi»6 

• 17.9 

• 11,0 

•a«3 


•9* 1 


•7.(1 

•7.1 

• 4.0 

• 4,6 

•6.7 

•11.0 

-1(1,8 

•9 «t 

<•4 

•9.7 

-9,3 

•u.e 

• 1.4 

• 7.6 

.4, 9 

• 7.6 

•9.6 

• 10,1 

•6*9 

t.l 

•6.7 

• 7 C 7 

6,6 

-1.3 

• 1.6 

••6.4 

•7.6 

•9.0 

• 11,3 

•9*f 

•0.6 

•a«9 

•0,7 

U.l 

-1.9 

•0*6 

• b.9 

•847 

•9.0 

• 13*4 

•3*7 

•1 .7 

•I .7 


1.1 

b.7 

t,6 

• 3.6 

•8,9 

•6.8 

• 13.9 


• 7,4 

0.2 

?f7 

6.4 

•7.7 

• 3.U 

• 6.7 

•14.4 

•12.9 

• 70.9 

•3.3 

•9.3 

7.9 

t 

1.7 

-7.9 

• 6 .6 

*7,9 

• 13.1 

•10.8 

• 14,2 

•4.4 

•0.7 

4.6 

3.6 

•4,1 

• 11.9 

• U.3 

•7.3 

• 13,6 

•14.1 

• 10,3 

•O.V 

•4.7 

7.7 

o;? 

• 6.6 

•fi.7 

• 1 7 . (j 

•16.0 

• 14.1 

•70.7 

•12.4 


• 7.9 

• 1.6 

0,7 

•3.4 

•e.6 

• 17.(1 

• 16.7 

•19.1 

•79.0 

• 18.6 

•V.l 

•9.3 

•0.6 

•6,4 

• 7,9 

•14,3 

• t J 6 

• 13.6 

•13.6 

•71.1 

-18.0 


• 10.7 

• 4.C 

*7*6 

•9,7 

• 17.7 

• 9.6 

• 11.9 

•I7.U 

•19,0 

•77.0 

•v.e 

• 8.6 

• 7 * 1 

-3,4 

•9.3 

•17. 1 

• ( (1 • 1 

'•4*4 

•16.0 

-14.2 

•22.1 

•i!.9 

• 10.9 

• 4.6 

•3I9 

•7 .6 

•n.i 

•4.9 

• 4.0 

•8 .6 

•12.9 

• M.e 

• t4.V 

• 15.3 

•9.7 

•8,3 

• 17.9 

• I7'.7 

• 14,7 

• 13.6 

•16,7 

-21.0 

•73,9 

• M.e 

• 1 C.6 

•9.3 

• 11,4 

-14,3 

• IS.I 

• 1 7 • u 

• 1942 

•7U7 

•29. 1 

• 74,6 

• •3.7 

• < 9.0 

• 7 • ^ 

-s;<. 

• lu,7 

• 19.6 

-19.9 

-12. e 

•19.6 

•21.6 

-32.1 


.s •r.f •T.i 


•11,7 -14.7 -t«.9 -17.9 


CONICAL NOZZLE (run no = ) 


1 »^ISS 1 UN 

AKOU 

(iLtAtlVl 1C JtT 

IXhAUbt) RtrCRtRCtO to KOZZLC FXlT 





1 

DtGtiaS ) 




PTFi 

24. 

30. 

40* 

9o. 

to. 

7u. 

80 . 

9u« too. 

110 . 

• 29,4 

*17.7 

•19.6 • 

??;7 

•22.7 

• 24, li 

— Ju ,7 

•32.6 

-99,9 -41.0 

• 40,7 

■ 22.0 

• 19.9 

•l5.6 • 

le.h 

• 19.3 

• 2 l *IJ 

-70.4 

•28.-' 

-3o,4 vSS.R 

-3S,9 

•2«.7 

-9.9 

•14.4 • 

17^3 

• 17,9 

• 19,7 

<4,9 

<6.9 

•28.2 -34,0 

•33.9 

• 17.8 

.7,9 

• 16.9 • 

ii ,6 

• 14,6 

• It , 6 

< 0.0 

•72,4 

•22.7 -27.0 

• 2/.0 

• »9.3 

-7.2 

.7.6 . 

IQ.t 

• ( 1.6 

• 14.2 

• 17.4 

• 19,1 

•19.1 -23.1 

-24,3 

• 17.8 

•3,6 

• 4.4 

•7,0 

• 0.7 

• 11.6 

• U.b 

• 16.5 

•19;9 -19. 3 

•20.9 

•9,7 

•1.3 

•7.2 

•3,6 

•5.7 

- 8.6 

• 1 I..I 

• 11,9 

• 12.0 -is.a 

• 16,8 

• 6.6 

0.2 

•8.9 

• 1,4 

•3.2 

•6.9 

• 7.0 

• 8,7 

• 8,9 •12,4 

• 13.8 

•9*1 

6.7 

l.u 

«;* 

• 1,3 

-3.6 

• 4.5 

• 6 ,u 

—8.3 —O.B 

•It.O 

•3.6 

1.7 

1.8 

0,8 

•0.1 

-1.6 

• 7.9 

• 4,0 

•4.9 -6.0 

-0.3 

•8.6 

2.9 

7.9 

1.9 

0.8 

-0 . 1 

• 7.0 

• 3. 1 

-3.0 -7.4 

•8,7 

•2.3 

2.1 

3.9 

jIj 

<f|4 

0.9 

• 3,4 

• 3.1 

•4.1 •a.a 

•9.0 

•3.2 

1.2 

3.6 

2.2 

•U.9 

0.4 

• 4.3 

• 3,8 

• 9.4 - 12. 1 

• 14.6 

■4.0 

•2.9 

7.4 

i> 

• 1.9 

.1,7 

• 7.8 

• 1.9 

•S.7 -13.9 

•22,3 

•4,6 

•9.4 

-1,0 


• 0.9 

-1.3 

• 1.8 

•4.7 

•10.3 -lO.S 

-17,6 

• 4.6 

•9.7 

• 3.7 

0,5 

7.0 

•0.3 

•4.9 

• 17.9 

•0.9 -H.O 

• 19.0 

•9,3 

•7.5 

• 4.3 

• 0,2 

4.0 

-4,2 

• 9.5 

• 1 4,6 

-i4;6 -oe.a 

-10.2 

•9.3 

•8,6 

•9.6 

2,0 

2.9 

•7.1 

•6.9 

• 10.9 

-12.4 •39,7 

• 18.9 

•6,6 

• M,4 

•7.0 


2.8 

0,7 

• 1 (J.U 

• 19.6 

•20.0 •23,1 

•24,2 

•6.1 

•9.6 

• 7,1 

. 7,2 

U.9 

•e.3 

• it.i 

• 19.7 

•20.8 -22.9 

•24.7 

•7.9 

•4.6 

• 3,0 

•0,0 

•U .3 

•6,4 

• n.4 

• 1 4 ,u 

•17.8 -23.7 

•21,2 

• 7.6 

•8.3 

• 3.0 


• 1.3 

•7.4 

• 9.1 

• 11.8 

•16.0 -ab^B 

•29.4 

• <8.6 

•14.3 

•5.0 

-2.7 

•9.4 

-7.9 

• 11.1 

• 1 b • u 

-I7.0 •29.7 

•24,1 

• «e.7 

• 19.4 

• f 1 .6 

•el4 

•9.6 

• 16.4 

• 15.7 

•21.7 

•22.3 •37.4 

•29i>2 

• <«.e 

• to, J 

• 7.11 

-9% 

•4,4 

• ll.u 

■ 1 3 ,6 

• 7U.9 

•19.7 •23.3 

• 31.0 

OWi 

— 


— 


— NOSf 

>L, 




23.3 

•4.7 

• 4.7 

•4;5 

•6. 1 

•7.e 

-II,. 4 

• 11.6 

•la.t -lo.? 

• 18,2 








1/3 OCTAVt NIC (dB) WITH RtSPCCI 10 TRAMSMITIED S( 1 . (NIC,) 


- O.fl 


DAISY LOBE NOZZLE (rum no- •.<> ) 


IflSSlOK *M.LL (HLUAltVt ^ > fil.rfHI.NCtO tO NOZZUC MIT 


PK , 

H. 

30, 

24.4 

• IC.H 

• IC.4 

21. « 

• 14.2 

n^4.9 

>24.0 

• 13,4 

• 14,1 

• •H.C 

• 1 1 , 1 

• 13.6 

»ia.4 

•9.1 

• 12.9 

i«8.0 

•9.1 

-0.4 

•v.e 

• 1 ,0 

•8 .9 

•7.2 

4*4 

.^.2 

•5.7 

1.? 

• 4.S 

•9.3 

1.2 

•9.9 

•9.4 

l.l 

• 0.7 

•9.« 

•4.9 

• 6.0 

•3.7 

•I.6 

• 1.7 

•4.3 

-7.4 

4.6 

• 1,1 

• 3.4 

S.l 

•3«t 

6*1 

9.6 

•6.e 

-4.e 

?.0 

■ 6.2 

•7.0 

• 1.7 

• V,4 

-V.2 

•4.9 

-U.6 

• 14. t 

• 4.6 

• .4 

•8.9 

• 6.9 

• H . 1 

• 14,9 

• 4.5 

-i4.e 

• IS. 2 

-S.C 

1-17.7 

_ I « M. 

-16.7 

•0.2 

- 7 If 



6W, 


9 ii. tOUo UUf 


-91.11 • 

•fV.a • 
-16.9 • 
• 1 3 • 3 1 

•>6.1 

• 3 .!) 

»l .4 

-W.4 

V«l 
6.9 
Ul 
u «6 
3.4 
-3.S 
• 6 . 9 ^ 
-3.3 
i - 7 .e 
I -9.t 
I - 6.1 
) - 9.1 

► - 12.6 

1 - 14.1 


■'fcV.S « 

■ 

• 16,9 • 

•16.6 . 

• 19,1 • 

• 6.7 

• e.i 

• 3.6 

• 1.6 

• 0.7 

u.b 

•a.e 

• 8,7 

• h'.ft 

-16.8 

• M.« 

- 1 3 • 

• «.e 

• Ml.t. 

- 4.6 

- 14.1 
i -ie .8 
1 - 16.3 


-39.9 • 

- 90^6 • 

•77,3 • 

•23.9 " 

• 99.9 ■ 

• 17.6 • 

• 14, fi * 

• 

• 10,4 
•9.4 

- 9.0 ' 
-0.9 < 
• 0.8 
- n .9 
- 0.8 
•13.3 

• 70.9 
• 24.9 

• 20.9 

• 19,0 

• 14.0 

• 11.9 
- 21.9 
- 22.9 
• 21.9 


•9.1 •10.6 -|3.9 


1 1 «i) -11.4 -te.!) 


. OUAVF ^ I 
















1/3 OCTAVF HTC (dB) mi RESPECT TO INCIDENT SPL (NTC,) 


1.2 ■= 0.16 


DAISY LOBE NOZZLE (rum no = w ) 


FREQ 

KHZ 

.250 

.315 

.400 

.500 

.630 

.800 

1.00 

1.25 

i.eo 

2.00 

2.50 

3.15 

4.00 

5.00 

6.30 

8.00 
10.0 

12.5 
16.0 
20.0 

25.0 

31.5 

40.0 

50.0 
63.0 


LK18810N ANCLC (^LUfctlVC 10 ALrCHCNCCO tO KOZZtt fl^lT 

( niGR^ES ) 

PTF^ 34* 40, OO* 00. ^0* 


•24.1 

•24.4 

«0.l 

•0.3 

.0,2 

• 1*3 
2«4 

1.7 
2*4 
3*8 

6.3 

8.4 
4.0 

4.8 
• 2*0 

• 4,6 
•t .4 

• 12»2 
• 8.2 
- 12.6 
-13.0 
-12.7 
• 14.4 


• 29.2 
• 23.9 

• 22»3 
»|4,4 

•7.? 
• 3,3 
4*0 
2.9 
1.6 
4.6 
• 1.2 
•4,6 

• tO.4 
•9,3 
•8,1 

• 13,1 
- 12,4 

• 14,6 

• 23,4 

• 16.6 

• 13.5 

• 14,6 

• 12.6 
-16.6 


•29.3 

•24.4 

• 22.6 

«16.4 

• U.6 

• 6.2 

• 4.1 
•4.t 

2.6 

*•? 

1.7 

1.1 

4.9 

•4.9 

• 2.6 

•4.8 

• 6.1 

• 7.4 

• 7.4 

• 16. 1 

• 9.6 
• 12.2 
• 13.0 

• 11.9 

• 13.3 


• 27;4 

• 23.6 
•22^2 

• i7.3 

• 13^9 

• lU.r 
•6^0 
• 2.1 

r.2 

i;o 

2.6 

7.3 

1,8 
•2^3 
• 4,1 
1,0 
-9,8 
•S,3 

• 10,3 

• 8,8 

.10,1 

-10.9 


»|6«6 

-16,1 

• 16,4 

• 12.6 

-1U.3 

• 4.6 

. 2.6 

1.U 

4.1 
3’.4 

3.6 

3.2 

4.6 

9.6 

• 1,3 
•6.4 
•1.2 

• 1 aO 

• 1.4 

• tOal 

• 12.4 

• l2.0 

• 6«6 

• 1 4.4 
-IU.6 


-15, 1 
» II ,9 
R IU,6 

•7.1 

• 3.9 

•0,3 

3.9 

7.6 
11.2 
llfl 
12.0 
I3.U 
18,8 
U.9 
16,1 
1 6 , 7 

7.6 

4,8 

•w? 

2.2 

• 3.7 
•5,6 
• 1.6 
-9.1 


DATA FOR 

REMAINING ANGLES NOT ANALYZED 
DUE TO JET NOISE CONTAMINATION 


OPTFi 


NOSPLi 


27.8 -9.1 -8.4 


•6’«l •6,4 4,6 


CONICAL NOZZLE (run no = ) 


LP188I0N AKOLC (RtLAtlVt It JCf tHHAUat) RCFERENCtO TO N02ZLC EXIT 

( degrees ) 



PTFi 

3i« 

40. 

BO. 

60. 

70. 

FREQ 







KHZ 







.250 

• 28,7 

• |0,4 

• 19,3 

.2614 

• 4U«9 

-44, g 

.315 

• 23.9 

• 12.8 

■ 16.6 

-22,2 

• 33.0 

• 36,8 

.400 

•22.7 

• 11,7 

.16.4 

-20,8 

-31.1 

• 34,9 

.500 

-24.9 

•9.4 

.13.2 

-16,8 

•21.9 

•26,6 

.630 

• 17,4 

•7 .0 

-18.7 

-13,9 

• 17.6 

m2 1 ,3 

.800 

• 14,1 

•4 ,6 

•7 .9 

•9,9 

• 12.4 

• 16,7 

1.00 

• 11.1 

•2.4 

•4.7 

.9J7 

•8.3 

• 12,6 

1.25 

•8,5 

•6.9 

•2.2 

•2;4 

•448 

•8,6 

1.60 

•e.2 

•6.2 

•6.1 

0,9 

• 1.8 

•6 .2 

?.00 

• 4.6 

• 1,6 

1.2 


U.1 

•2,1 

?.50 

•4,0 

• 3.6 

1.2 

2> 

U.9 

0.4 

3.15 

• 4.3 

•6,6 

•8.9 


1.0 


6.00 

•3.e 

• 3.7 

• I.O 

0,7 

2.8 

2.8 

5.00 

•3.1 

• 4.8 

•8.9 

2.0 

4.1 

1.7 

6. 30 

■0. 1 

• 6,9 

•7.3 

•3,0 

3.1 

•2,9 

8.00 

•8.7 

• 7,6 

•8.4 

•9,1 

0.7 

•9.1 

10.0 

■7.1 

•2,6 

• 1.9 

•1,6 

«u, 1 

•7,6 

12.4 

•6,7 

• 1,3 

1.0 


• 1.8 

•6,3 

16.0 

•7.6 

•3.6 

•2.7 

•0.9 

•U.6 

• II. 1 

20.0 

•7.3 

•0.6 

•8.6 

i;o 

•3.8 

• 12.6 

25.0 

•3.2 

•3.6 

4.1 

6;9 

• 1.8 

•6.8 

31.5 

•G.3 

•2.4 

6.7 

3,0 

•8.6 

• 13,6 

40.0 

•7.2 

•6.6 

•8.8 

-0,2 

• 4.6 

•6,8 

50.0 

•G.ll 

• 2.4 

• 1 .7 

2,9 

• 2.0 

•8*1 



• 4.6 

• 4.1 

•2.9 


•8.9 







— NOSPl^ 


•6.0 

•9.7 

-4'.9 

• 6.0 

•6.F 


DATA FOR 

THEREMAINING angles NOT ANALYZED 
DUE TO JET NOISE CONTAMINATION 


2E0 








1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (MTC,) 


Mj= 0 


DAISY LOBE NOZZLE (rum no = ) 

L(i'lS8lO^ ANlilt 10 Jt» rXt-AUBI) SirfHtKCCD 10 AP27Ut EXH 

*■ ( UIGNLES ) 

3«. A«. 60. 6«. *'®* 



• 22.1 

• 29.# 

• IV. e 

• l7.2 

.39. < -81,* 
.?J.S .20,7 

•It. 8 .lA.V 

•IV, 3 .21.7 
•17,3 .16,6 
•I 6.2 —l7.9 
•i3*e .14. u 

• IV.U 
.16.8 
-IS. 7 
•13.3 

-15.8 
• 14.1 
.13.2 
■ 11.3 

• 23*U 
*2u.3 

• 19*U 
•16*9 

• t5.9 

• 14.1 

• 13.2 
-il 1 

A A 

al2.e 

• M • * 
«C «9 

•6 « 1 

• 1 4 ,b 
*12.6 

•V.6 

.2.3 

• 4^8 

•2.V 

.13.2 
• 16.3 
• 8.6 
.7.3 
.4.6 

• 4.1 

-11.3 

•H^O 

. 7:3 

•6^4 

.4^9 

-4.2 

• 11.0 

• H.6 
•6.V 
•9,5 

• 4.1 
•3.7 

-10*7 

•6*2 

•6.4 

-S.3 

•4,4 

-3.7 

• 1 1 .9 
-7.V 
• 6.2 

• 4,4 
*3*6 

• J.l 

— 6.V 
•6.6 
-*5.t 
-3;5 
*3.0 
• 2.8 

• 13.6 
-IU.3 
•7*9 
*9.5 
•3*0 
• 1*7 

•6 1 9 
*6*6 

•9*6 

•9.0 

*4.9 

-6*2 
A ^ 

*4,9 

-9./ 

\ ,5 

•2.7 
• 1.4 

•J,2 

-I.V 

•2.5 

•U.6 

•3.6 
•3. 1 

• 3. 3 

• 4.t| 

* 3.6 

•4.7 

*1*2 

• U.6 

•9.7 

•9.9 

, w 
• (A ,4 

2.3 

1 

•o.f 

.4.7 

- 7.3 

• U.H 
*5.4 

-t.o 

-«.7 

-9.5 

-4C.I 

*6.5 
• 12.8 

• 1.9 
-9.9 

•7*8 

• 19*0 

• t • 9 

•3.« 

•5*3 

.e;i 

•6.? 

-9.S 

• 12.1 

• 12*2 

-ir.2 

•tl*9 

• 12.4 

• 1-P.1 

•/.4 

.t«.i 
•7,3 
.1 .7 

.13.6 
•6.8 
• 1.2 

•i3;6 

. 6,1 

•4.5 

• I5«? 
•6.ti 

•8.<J 

• n*7 

•7.6 

•7*u 

• i?.5 

• 12.1 

•V.3 

• 7.6 

• 10.8 

.6.5 

•9.5 

-11*7 

. 7.3 

•7.9 

•10*1 

. 7.6 

• 1 i,e 

• i-tf .7 

-7.2 

•C.4 

-7.6 

• II. 3 

-io;7 

• 1 4 . 'j 

• 1 6.0 
• 1 1 .f 

• 11*5 
•e.i 

*14. u 

*6.4 

• 1 1 .6 

.6.3 

• 7.6 

-I3«9 

-6.6 

-10.7 

*/.4 

m* 1 

■6 .6 

2.8 

•6.0 

6.9 

-4;6 

* 6^3 

*b«6 

•3.2 

•6.3 

•7.e 

.7.3 
• 6.6 

• 9.3 

— 6.5 

•14.0 

•11*1 

• 11.3 

• *- , 1 

•C*9 

•i6.a 

2.1 

•3,4 

• 11.3 

• t.U 
•7.4 

• 1 1.7 

• t^.6 
•7*0 
• 13> 

-4.6 
•6.6 
• 14.3 

•6.6 
•7 .5 
• 14. V 

• lii.ti 
•11.1 

• 15.6 

•IU.8 

• 11.7 

• 17.2 

•7.1 

•10*0 
• 12*7 

•14.8 
• 14.3 
-22.0 








1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTC() 


Mj = 0 = 0.24 


PAr|f«H9- 

OJ- uuaLitm 


DAISY LOBE NOZZLE (run nos 38 ) 


ifissifcN (Bii.Ativi, 3c Jti mi-Atsi) BirtHtNcin io kozzlL ekit 

( illCRElS ) 


FREQ 

PTF^ 

3«. 

40. 

So, 

60 . 

7d* fcu. 

90. 

100, 

Do. 

KHZ 










.2*^0 

•Si.t 

•21.« 

•84.6 

•2j;.0 

• 16.4 

•2D.6 *I7.9 

-IX. « 

•Zt.9 

• 14,8 

• 3t5 

• 17. e 

• le.a 

•?1.u 

• 19,4 

• 16*1 

•17.6 •I5«e 

• 12.9 

•19,1 

• 12.9 

.ItOO 

• *f) .t 

• 17.7 

• 19.5 

• 16. 

• 14.9 

•16.2 -14.4 

• 11.9 

•17,7 

• 11,9 

.500 

• < 3.9 

• is.e 

• 15.2 

•is;j 

•12.3 

•18.5 *11.7 

49.8 

• IS»U 

•9,6 

.630 

• .6 

•IS.V 

• 1 1 . 3 

•9, 4 

• 9.U 

•6.7 •fc.S 

•7,0 

•11.8 

• 6,6 

.800 

•7.4 

•y.4 

•7.7 

•S,V 

• 5,9 

•5.L >5. 2 

•4,0 

•7,6 

• 3,9 

1.00 

•5.7 

• 6.6 

•5.6 

-4.0 

•4.1 

•3.8 •3.4 

• 2.2 

•6,1 

•3*0 

1.25 

m/i , 4 

•4,e 

•4.6 

•3.S 

• 2.H 

•2.6 •I*? 

• 0,9 

•2.8 

•2.4 

1.60 

-S.2 

•2.3 

-2.4 

-2'.j 

• 1.6 

-1.9 •1*1 

-0.5 

•0,9 

•2.4 

2.00 

•2 .9 

•II */ 

• 1.9 


• 1 .5 

• 1.5 ••D.S 

• 0.7 

0.9 

•4,0 

2.50 

•3.1 

«./ 

• 1.3 

-I,h 

•l.l 

•1.4 -i.y 

•2.2 

0,2 

•4,J 

3.15 

•2.9 

2.4 

•0.4 

•0,V 

0,4 

•2.2 «3.l 

• 3.8 


•9,0 

l*.CO 

•3 .t 

3.1 

0.1 

• l.ij 

• U • 1 

-5.3 .4.9 

'•4.8 

-1,3 


5.00 

•7.5 

1.4 

• 4.3 

•6.S 

•5. 1 

•9.3 -y.a 

•i2;s 

9,1 

•14,6 

6. 30 

•9.7 

• 4.5 

.4.6 

•b,7 

•5.6 

•9.5 •11.7 

-11,8 

•10,7 

-n.9 

8.00 

« M .V 

• is.e 

• 13.3 

-13,1 

•14,7 

•lt.2 •12.6 

-:^.o 

-fi.9 

•7,3 

to.o 

•'4 .« 

•7,2 

-5.9 

.6,0 

• S.9 

•7,5 •12,6 

•10,8 

• 11.6 

•9.9 

12.5 

•6.7 

•1 .6 

•0.5 

•3,h 

•6.2 

•6 .3 • b . 6 

• 5.9 

•6,6 

•6,9 

16.0 

• 11,7 

•6,6 

• 7*0 

• I0«l 

•16.2 

•ID.9 -IJ.4 

• n.2 

•7,0 

-8,0 

20.0 


•6 ,4 

• 1 1 .1 

-13,6 

•IU*6 

-7,7 •t.D 

•5,9 

•13,6 

•1U,3 

25.0 

•7.1 

• 5.7 

•5.7 

• 4^6 

• U.3 

-6,0 •7,1 

•5.0 

•13,7 

-10,8 

3i.5 

•3.3 

4.5 

2.4 


•1.4 

•5,6 ’•4.9 

-4,7 

•6,2 

•9,4 

^♦0.0 

•5.t 

2.6 

•0.3 

•1. 1 

• 3.8 

•6.1 .y.i 

• Id. 2 

•6,4 

-14,1 

50 . 0 

•9.e 

-4.7 

•6.7 

•6*.J 

• 6.1 

•6.8 alt. 4 

• 11.0 

•9;.3 

•13,6 

. 0 

• li ,0 

• U.l 

• 10.5 

•i2;i 

• 13.0 

•13.7 •14.5 

• 15.9 

-1 1.4 

•20,9 


OPTF^ 















““ NUSPL|- ■ 





22. e 

•6.1 

• 9.6 

-9.4 

• 8.5 

1 

. 

• 

IT 

• 

iC 

• 7,5 

.8,9 

•0,9 


r-1 


CONICAL NOZZLE (run no = H9 ) 


IKlSblCK AKCLl iRtLATlVI: 1C JC1 C)t4Al;8f) RErERtNCtO TO NOZZLE EXIT 

I DECniS ) 


FRtO 

PTFt 

30, 

40. 

5y. 

60, 

?o. 

feu. 

9U, 

100, 

110, 

KHZ 















r'^0 

• 26 

*9 

• 29 

.6 

•28 

• 2 

•25; 1 

• 23.9 

• 26.5 

•3t,l 

•28,1 

•23^6 

•21,0 


3IS 

• 23 

.0 

•24 

.1 

• 23 

.9 

•21,7 

-20. 3 

• 23.5 

•^24. 7 

•22^9 

-19^0 

•17,8 


l400 

• 21 

• 2 

• 22 

.2 

•22 

• 1 

•20. 1 

• 18 , e 

•21.6 

<2,6 

•21,0 

•IB.I 

• 16,0 


soo 

• 1C 

.V 

• 17 

• 1 

• 18 

.2 

• 17^2 

• 15.1 

• IE.8 

• 15,9 

• 14. u 

•14^3 

•13,0 


630 

• 13 

.1 

• 13 

.3 

• 14 

.6 

-14,1 

-M.7 

• 11,6 

•11,5 

•9,6 

•10,7 

•9,7 


800 

•0 

.4 

• 7 

.7 

•9 

• 7 

-10,1 

• 7,9 

• 7.8 

• 7,7 

•6,8 

•7^3 

• 6,2 

1 

00 

•6 

.6 

-3 

.7 

•5 

• 9 

•6,8 

• 8,1 

•6,7 

• 5.7 

•5,0 

•x'7 

•3.B 

1 


*5 

• 6 

• 1 

• 4 

• 3 

.4 

-9,7 

• 4.1 

•5.9 

• 6,0 

• 4,1 

• 3^4 

•9.3 

1 

6o 

•3 

« 

. • 

1 

.7 

.0 

.5 


• 2,8 

•4.1 

• 4,1 

-i.i 

• 1,8 

•0,7 

P 

no 

•3 

.2 

3 

.2 

0 

• 5 

•2,1 

•3,2 

-4.9 

• rf.6 

*1.2 

<•1 

•0.6 

P 

SO 

•2 

• 0 
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1/3 OCTAVE HTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 
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1/3 OCTAVE 'ITC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 

M = 0.8 t-T “ 

J * 

DAISY LOBE NOZZLE (rum no = 55 ) 

’inssioi. AKUt (BUAHVL It jjt Rl^t«£^ao fo Nr2rte t*n 

I OLCntl 8 J 

W 'it, 30. <0. Oo. *«• ***♦ •®'’* 


•2v#e • 

-2C.7 • 
•2S.4 . 
»22.3 < 

• Mii? " 

• 48.2 

• t2«2 

•e.ii 

• 7 • \ 

•t,C 

•5.8 

-5.3 

• 4.1 
•C.3 
•V .2 
•8 .5 
•5.3 
•VI. 3 

• 14 .« 
•8.4 

-42.V» 

• 1 f .4 

• 44. C 
•4^.V) 


-?3.4 • 
-22.2 • 
-21.6 - 
• 21.2 - 
• 24.6 ■ 
•l7»3 • 

• 1 4 .C • 

•42.6 ■ 

• I t • 3 " 

•v.e • 

• 10.3 

• n .4 
-7.«i 

1.3 

2.4 

• 4.4 
?.« 
4.7 

.4,11 

•7.9 

• 9.‘^ 

I -6.I 
I -9.B 
I * 5.9 
^ - 2.9 


i^S 9.7 

•» 2 b .7 

«* 2 J.e 

• 19.0 

• lb. 2 

• 10,7 

• 7,9 

• 8.1 

• 9.3 

I .OsO 

• 5.0 

. • 5.3 

! -7.2 
i •! I.l 
' - 24 . C 
: - 2 u .7 
f - 43;,6 
3 * 14.3 
7 - 22.6 
!: - 23.0 
3 -II .2 
7 •lO.b 
0 • 41.9 
5 • 18 . fc 
3 -I ?. 3 


• 3 m .3 • 
-27.2 • 
•2b,9 • 
•22.9 - 

• 19.6 • 
•16.2 • 
•13.2 < 
•11.9 « 

• V.6 

• 7.8 
.7.1 
— 6.4 

• 7.3 

• 1 1 • 0 « 
•2u.6 - 
•19. U • 
-12.1 

• 12.7 

• 16.3 

• 11.7 
•7.U 

-12.0 

• 7.1 

• 1S.6 

• 13.2 


- 37.0 

• 33.3 

• 31.9 

- 26«4 

• 22.4 

• 16.7 

• 19,7 

• 13.6 
-11,7 

- 9.4 

- 6,7 

•6.3 

- 10.3 

• 19.5 
- 15.7 

• 16.U 

• 17*9 

• 24.0 
- 19,6 

I - 14.8 
I - 16.2 
I * 14.6 
I - 10,7 
I - 18^4 
I - 15.5 


• 32.1 

• 26.4 

- 26^9 

• 24^0 

• 20.6 

• 15.7 

• 11.9 
- 9.6 
• 6*2 

• 8.6 

• 4U.4 
-41*6 

• 13.4 

• 11*6 
• 9*3 
• 9*7 

• 10,5 

• 46,3 
- 25.9 

• 19.0 

• 22.7 
• 21.9 

I ••6*6 

i •is.s 


.3.4 .8.6 -u.l -l?.3 .18.1 -10.4 .1^,2 -18.9 


CONICAL NOZZLE (run no = m ) 

IRISSJOK ARCLE (BtLATlVt « «J^CmU813 RtrERENCEO tO «22LE EX If 



16 . 20 


, 30. 40, 50, 60. 70* 80, 


90. loo. ItO't 


25.1 -20.7 
28.9 -22.6 

19.4 -24.3 
14.8 -i;,? 

11. 5 -U*6 

•6*1 -10.7 
•S.e -7.3 
• 4'*9 - 4«6 

»3*8 -2*7 

.1,6 •1.9 

•i.7 -2.3 
•4.6 -0.2 

•3.0 I .2 
•3*8 1.4 

1.9 3.4 

•1*4 M.9 

3,u 2.9 


22.4 •^•S 


8 W*I 

• 5*3 

•u.c 

• 0*6 • 

•eCl 

• 3.8 

• 7.9 • 

• 0*.7 

• 6,9 

- 8,3 • 

• 8*9 

• 6,2 

• 7.0 • 

- 9.7 

• 7.6 

• 7.3 • 

•b’.o 

• H.l 

— NOSPLi 

• 7.3 • 


• 31.2 • 
- 26.9 « 
• 25,4 • 
- 2 1'/. 9 • 
• 57.9 « 
• 14*1 « 
• 1 U .7 « 
• 7.6 
. 4.7 
- 2.2 
• 0.8 
0*1 
•0.7 

• I .3 

• 2.6 

• 11*7 

• 5.2 

• 12.1 

• 8.1 

• 14.1 
• 9.U 
•9.3 

• 15.1 

• 17.8 
I .12.5 


• 41.4 1 

• 34.9 < 
• 33.1 
• 23.6 
- 19.7 

• 16.9 

• 13.9 

• tO.8 
• 8.4 

I •6.6 
• 6.9 
I - 6.4 
• 9.6 
I • 13.7 
I • 18.7 

) •o.d 

5 • 10*4 
I •U.O 
7 •M.? 
3 • 16.9 
D •12.6 

7 • 16.9 

8 •2U.1 

5 * 24.4 

6 •20.1 


• 52*9 . 

• 44.3 I 
- 42*2 < 

• 29*1 
- 24*8 
- 21*2 

• 18*0 

• 19*0 

• 12*3 

• 10*2 
• 9*3 
• 9*8 

• 13.0 

• 19*9 

• IB. 7 

• 13*9 
•20.6 

• 19*6 
• 21*2 
• 20.8 

• 19*1 

• 26.2 

• 24.8 

• 27*9 

• 29.4 


• 14*4 
• 22*8 

• 19*0 
•17;9 

• 19*4 
• 22*0 

• 24*7 
• 29.3 
• 22*2 
• 28*1 
• 26*1 
• 30*5 
•28.6 


228 


1/3 OCTAVE NTC (dB> WITH RESPECT TO TRANSMITTED SPL (NTCi, 


= 0.8 


DAISY LOBE NOZZLE (run no?w ) 


icissitK **.ui (HiLAiivt 1C JC1 iurtoENctD lo nfiZiuc kMT 

* i OlCHUJ ) 



PTFt 


30. 

4<l. 

50. 

to. 

7o. 

6 m • 

90, 

loo. 

no. 

• 2t< ,S 

•24.3 

>22.3 

.271? *2H.I 

•24.4 

•38.8 

•29.2 

-29.8 

-36.6 

• 3U.9 

■25 


■ 21.2 

-25*.2 

-25.3 

-21.5 

<4,3 

•26.2 

•26.1 

« J2.4 

•27^4 

• 24^5 

• ie’5 

-24.2 

-24,2 

• 34,0 

•2C . 3 

•33.7 

• 26.U 

•24,7 

• 3U.7 

•26.0 

■iiils 

* 1 tuA 

• 12*6 
• 4,4 

• ?«.3 
■ 20.0 

• 3(1,8 

*16*11 

-17^7 
• 14. b 

• I6.P 

• 14.6 

•22, u 
-t9.u 

•20^9 

-17.8 

• 29. S 

• 21,7 

■ 23,2 
•20.1 

* t 4 C 

• (L3 


.(fJj 

-14*7 

-II.O 

• 1 L « 1 

• tb.t 

• 14.3 

• 18. 1 

• 16^1 

• 11,7 


• 14. t 

-14.7 

-12.0 

•6 .u 

•7 , M 

• 13.7 

-11.7 

•IS. 2 

-11.4 

• 14,0 

-i’.d 

•<•2 

-•2.4 
- 1 1 .6 

.1 

• t t.o 

-IU.2 

•0.4 

.5. ft 

.4,! 

-5.7 

-t.*i 

•11.0 

-9.S 

• IU.2 
-6.6 

-13.2 
• 11.4 

-9.2 

->.9 

•t ,7 

•e .4 

2.1 
3.2 
S 1 

-9.5 
-14. 1 
-1 1.3 

•v,» 

.(|.g 

• 0.0 
-S.l 
.3,7 

-I.ft 

• 1 .4 

• U ,6 

• 4,1 

• 4 .fl 

■ 5,2 

• 7.4 

• 6.9 

• 6.2 

•7.U 

-6.8 

•6.6 

•9.1 

-8.8 

-8^2 

•b. 9 

•8^6 

-10.2 

• -, ,G 

•6*3 

(j,y 

• 7.4 

-6*ii 

• 3.0 

-l.fc 

• 7.< 

• 7.2 

-8.1 

• 10.2 

-11.8 

_ I 1 

e.7 
4 b 

1.7 

2.7 

-o‘,u 

-1.9 
• 0,9 

.4.2 

• It.S 

• U.7 

•24.4 

-lu.e 

-20.4 

•10.3 

-13.7 

• IS. 1 

• 18.8 

- 1 3.0 
-11.6 

■L • 1 

■ h 7 

m2 9 

•4,9 

— t *U 

•e,0 

-17.1 

•2 1: • 3 

•18^6 

.14,2 

• 18.6 

-6.9 

•c , / 
•t , 3 

• c . e 

3,1 

2 • 1 

•J.3 

-b,ii 

• 1 4 ,S 

-IJ.fc 

-11*9 

•28,1 

-17.7 

-9,5 


4.4 

• 

4.9 


• 11,0 

.20*4 

• 14,2 

• 12.6 

•19.4 

•23 . 9 

• 10.3 

■ I 

• \l *2 

•4.6 

•4.9 

•2,0 

• 6 . t 

• 13.5 

•22. e 

-16.2 

-18.5 

• 19.7 

-16.1 

• U .V 

•(! ,3 

• 4,4 
•4,9 

.7,9 

• 9.4 

* 

• 1*0 

-5.2 

-1.3 

-13,5 

-9.4 

•22.9 

- 1 U . b 

• 11.6 
•6.6 

• 10.9 
-10.7 

• 14.7 

• 16.1 

• 23.8 

• 18.8 


• t .3 

.6 ,<l 

-9’ 6 

- Mi.7 

-15.7 

• 1 b.5 

• 12 .0 

• 18.0 

• 14.6 

-22.6 

• * c • Q 

• !•«* 

• 6,3 

• 9.3 

-•2.fc 

• H,(( 

•4.9 

-11.4 

• 7*0 

-9.7 

• 10.6 

•21 .8 

• 0 *ti 

• 16,7 

*5.7 

•7,0 

.«,5 

-12,3 

• 1 b , 4 

-16.4 

-14.9 

- 18,2 

• 10.4 

• u.fi 

• 14.4 

-2.7 


• 7,6 

• 1 1 .0 

-I7.(. 

-12.9 

-10.9 

— 1 5 a 3 

-25.2 


• 7,« •«*,? -1l,0 •i|,9 •14*4 -13'«7 •tC.S •14,7 


CONICAL NOZZll. (run no = ^ 

SSICN AMiu”t«I.LATtVt IP jn r>IKAUan RtrERENCfeO TO NOZZLI rxiT 
( OkCRltS ) 


20. 

3o* 

40. 


to. 

7o. 

8U. 

90. 

too. 

no. 

3.8 

-4*b 

•4,8 

• 4,7 

• t • 3 

• 10.8 

•20^8 

• 21.1 

•32. a 

• 2u‘,3 

•10.3 < 

>17^6 ' 

-17.6 < 

>17.9 • 

*lft«6 

•23.9 

•31.4 

• 31.0 

.41,3 

-32,3 

.11,7 . 

*18,2 < 

*18*8 • 

*16,6 • 

-20 .5 

•24.6 

• 31.6 

• 32.3 

•41,4 

•32,9 

•7*9 < 

*13*9 

■ 13.6 ' 

*14,? 

-17,1 

•20.3 

•23,3 

• 23^2 

-28.6 

•26.7 

-8.2 

.10,4 

-10.4 < 

•11.3 

-14.4 

• 17.3 

•19.6 

•19. a 

• 24.0 

•2^ 

•2.6 

•7,4 

• 7.4 

•6 * 1 

• 1 0 *7 

• |4^u 

•li.s 

•10. a 

>21.2 

-i9.6 

-i .0 

•5^7 

•9*7 

•E*6 

•7.3 

• 10.7 

•12.8 

• 13,8 

• 18,0 

• 18,2 


• 4*9 

-S.6 

-4.9 

. 4 .6 

• 7.6 

-9.7 

• 10.8 

-15.0 

• 11.4 

0.9 

-3,4 

• 4*4 

•3.6 

• 2.6 

• 4.7 

• 7.0 

•8.4 

• 12.3 

*8,2 

2,4 

.i '3 

•2.4 

• 1,6 

•1.9 

• 2.2 

•4.9 

•6.8 

• 10,2 

-6.1 

1,6 

• 1 ,b 

• 1.6 

•i.t 

• 2.2 

•o.a 

.4,1 

•8,9 

•9.3 

-8 .6 

1,0 

0*4 

• 1.5 

• 1.7 

• 0.2 

u;? 

• 4,4 

•6.3 

•9.6 

•M 

0.7 

0^9 

•2.7 

•3.U 

1.2 

•0.7 

•6.1 

•9.6 

• 13.0 

• |4.4 

•0.4 

•2C3 

• 4*4 

-3.0 

1.4 

• 1.3 

•6,8 

-13,7 

• 19.9 

• 23^6 

-1,5 

•3l9 

• 1 . 1 

2.4 

4.0 

•P.l 

•13,6 

• 18.1 

• ia,t 

• 18.4 

8.3 

-6^2 

• 4.9 

• 1,3 

t .0 

• 11.6 

• 13,9 

•9.7 

• 13,8 

• 17,4 

2.6 

• 4.3 

• U. 1 

3*5 

3.4 

• 4.6 

• 9.0 

•9.8 

•2U.1 

-14.8 

—0 . 8 

-I0[*7 

• 4.3 

t.6 

•1.3 

-11.7 

•17.6 

-14.1 

• 19.4 

• 21.6 

• 5,2 

•7 ,6 

• 1.6 

•0.5 

••b.H 

•6 .M 

• 18.6 

•14,1 

• 21.1 

• 24.6 

• 9.4 

-16,0 

• lo«9 

-6.2 

• 9.0 

-14. 1 

-13.3 

• 16,4 

• 2U,7 

• 26'.2 

• 3.6 

•9*3 

• 0.8 

•O.t 

•4.7 

• 6.9 

• 14.9 

-12.6 

• IS.Q 

• 22.2 

• 5.3 

•6^ 1 

-3.7 

• 2 .5 

•6.6 

-9.2 

• 12.7 

•16.4 

•26,1 

.28,0 

• 16,8 

• 10,6 

• 6.6 

•2.2 

• 5.8 

- Ib.o 

-17,7 

• 20.0 

• 24.8 

• 26,0 

• t4.7 

-H'.b 

• 6,1 

-t.9 

• V.t 

-17.8 

-28. S 

• 24.4 

•27.9 

• 30.5 

• 6.5 

•9.4 

•7.4 

• 7 • 1 

•7.1 

• 12.3 

•1 7,8 

•19.8 

-25.2 

-28.4 


• 6*4 •|2.t *13.2 •t/.S 
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1/3 OCTAVE NTC (dB) HITH RESPECT TO INCIDENT SPL (NTC,) 


DAISY LOBE NOZZLE (run no “ ?o ) 



INlSSlUh ANCLt 

(fUAUVt 1C 4t1 

1794U8Y1 RCrC9C9CLD TO EXIT I 





< 




FRCQ 

PTF 

U. 30. 

3«l» 


8 fl. 

eii. 

70. 

80, 00, 100, tlU, 120, 

KHi 

250 

• 2 e«v 

• H.O •34.0 

• 1 7 ,0 

*36. « 

•39.3 

•<89,7 

•33.8 

•38,8«89,3»4t ,u-30,0*41 ,3 


3»5 

m22»t 

■ 1 1 ,4 •30.6 

•i3;o 

•3U.9 

•33.6 

*33.9 

*37,8 

•30, t•48,2•^^,8■?8•^•38,^ 


(lOO 


•7,4 •l6,4 

• 8.1 

*18,1 

• 17.7 

• 18.7 

*23.3 

• 36 . 3^4«.7>36.e^33. 1 * 30.6 


500 


•S,5 

.4> 

-11,9 

• 12.9 

• 1 J.T 

• 16.6 

•20,3«22.8-2l ,e-20,|426#8 


630 

•V«l 

•f.tt *9.3 

9^8 

•8,4 

•t.u 

• 7,9 

• IU .8 

•14^ 4*l$,6al8,4*|0,3«2O,i 


Ew 

•7.4 

■3.9 »e.i 


•3,9 

•3.8 

• 8,8 

• 6.6 

•II. 8«l3t7«l3.3>IB. 0*16,0 

1 

00 

• 7 at) 

• 0,8 sOvS 

•J 8 

*3.3 

-3,8 

• 4,8 

• 7.1 

•9,3*10. 4*13. 0*14, 6*16, 3 

1 

.25 


• It, 4 •fl.? 

0 ,.f 

-3.ti 

-8.9 

• 2,8 

••4.2 

•7>l *7,3 •9,7af 3,9« i 3,8 

1 

.60 

•4«6 

•14,9 -ll.S 

•3^3 

•3,2 

0,9 

<1,4 

•1.3 

•9,9 -4.9 *7,9*t3, !• 11 • 1 

2 

.00 

•4^3 

• 10. 1 -lO.S 

•4^3 

•2.9 

1,8 

l.> 

• 0.6 

• 6«8 •9.3 •8,7«12,8*t0^6 

2 

.50 

•3.3 

•3«.8 -13.6 


•3.3 


j.e 

0.4 

•4,0 *9.3 •8,8*11.7 •9,3 

3 

.15 


dl ^^6 •l3.4 

• 1^1 

•3,9 

e;« 

8.7 

3,8 

•2,9 vOsS *9.7«11,9 *6,9 


.00 


«I6.3 . 10.0 

.4;« 

*3,9 

6,6 

8.1 

2.2 

•4,3 »7,2 •9*6«12,3* 10,4 


.00 

•i.e 

• 1 3 ,4 ■ m. 1 

•2,9 

• 2 .C 

4.7 

8.3 

• 0,4 

•4,8 -S, l«| 3,6*1 1 • 1 3,2 

6 

.30 

•3.4 

. 19,1 •7.6 

• 13 ;? 

-l.« 

1,0 

J.9 

• 1,3 

•1,4 -B.C*! 1 •9«t2,7*31 ,7 

8 

IBiiM 

• 6.1 

• 11.8 « 0,0 

•4-B 

• 6,6 

0,8 

l.l 

• 7,2 

•8,3-t9,?-ll,t«l2,2*2O,0 

10 

.0 

•S.8 

• 8 .t * 6 . 9 

• 4.6 

- 1 .8 

- 2.8 

0.7 

•2.9 

. 4 , 4-14,1-14, 9-20.4^19. 7 

12 

.5 

•s.e 

•13,7 •6,2 

-9^4 

9,3 

•2.8 

J.8 

2.8 

•0,7 -9,8 ■9,3-12.7-27,7 

16 

.0 

•2.1 

• 19.8 -8.2 

-3,1 

• 7.1 

-3.3 

8.9 

2.3 

•6,3 •9,9.17, 3-18, 7-40,9 

20 

.0 

• 1,9 

•12i? -l.fi 

• 6 C 4 

3.3 

1.7 

8.3 

•2.8 

•9,0 -8, 2-11.3-22, 2-31.0 

25 

.0 

•3.C 

• 1 3 ,6 4.1 


•U.7 

-2.4 

6.6 

>•3,2 

0,3 -1.3 -R, 7-32, 7-30,8 


.5 

-4.1 

• l7.t •4,<l 

•6.0 

• 2«ti 

•2.8 

4.4 

•2.4 

-1,5 •4,3-l2,3«23,3*34,4 


El 

•3,2 

• 18,6 -I3.4 

.f>,9 

• 3.0 

-4,8 

6.8 

-•0.4 

0,t •O.O-l 1 ,4-t t',2«39,4 

50 

.0 

•C,« 

« 1 6 ,4 •19.4 

•8.7 


•11.2 


• 0.9 

•: 7 •9;.0-12.9«13.6.32,4 

63 

.0 

•6.7 

• H.7 -13.7 

•8.9 

• 7.8 

-4.1 

1.4 

• 3.4 

•9,/ •6,0-ll,0 *9,6«29,8 






_ .mroi 





OPTF^ 








24.6 

> 9.9 •• 9.4 

•6*,8 

• IU.7 

• 8 

• 6.9 

•11. 0 

•14,9*1 9 ,6-1 8,8*20, 9*22.t 


CONICAL NOZZLE ( run no = 98 ) 



fflSSIOK 

A*iiiU 

iRtLAllVt 

1C J£T 

rxPAUST) PtrCRENCCD TO K0Z2LC EXIT 






( OtOREIS ) 





FREQ 

PTF, 

38. 

40, 

5q. 

80. 

70, 

80, 

90, 

too*. 


120. 

KHZ 












.zsn 

•20.7 

-16,3 

-19.1 

-26^3 

•ju.a 

-30,2 

•37,4 

•31,3 

•9l’,| 

• 40*9 

-77.3 

. J»5 

•21,3 

•10,9 

-13,9 

-19,9 

•24,4 

•2f ,4 

•3u,8 

•28,8 

•42,8 

• 3«i3 

•63,2 

.hOO 

• U.O 

•9.9 

.0.7 

-i4;4 

-18,9 

•20,3 

*29,2 

•29,0 

- 37.0 

•28,6 

• 97,0 

.500 

• 12,6 

•2.5 

•6.0 

•9,8 

• 14,2 

• 17,7 

• 19,8 

•24,6 

•2B.3 

•23*1 

•36,2 

.630 

•7.9 

2.3 

• 1.3 

. 3,9 

• 8,6 

• 13,1 

• 13,8 
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-9,3 
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4.2 


6.9 
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IjiW 
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• 17,2 
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0^9 

•9,6 
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1,3 
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16.0 

1.3 

2,0 

• 4.0 

1.4 

7.9 

9.2 

• 4,6 

• 11,4 

• 8,6 

-6.0 

•9,4 

?0.0 

•3,3 

9,7 

• 1,8 
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-0,8 

• 8,b 

•I4,u 

•I0.9 

•9,9 

•9,2 

25.0 

•2.8 

t.9 

•6,2 

0.9 

6,0 

•6.8 

• 7.2 

• 12,3 
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• 12,8 

• 14.0 


• 4,1 


•6.8 

I^O 

4.8 

-3,3 

• 11,2 

-6,7 

•10,2 

• 16,0 

•19,0 


1.9 

8.6 

2,2 

8.J 

6,3 

l.t 

• 8,4 

• 2,9 

•3,0 

•2,0 

• 10,4 


• 3.7 

5,9 

-2.3 

• 3 I 2 

1,6 

-2,t 

• 7,u 

• 8,8 

•14,0 

-9.1 

•11,3 


• 8.1 

9.6 
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•9.7 

• 6.2 

• 12.5 

• 1 0 . 1 

•11,8 

• 10,2 

• 12,7 
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ll'l6!»ltN (SltAllVI. 1C Jel lll«*C8T) fitnUtNCLD TO MTHLC £»1T 

( laoRtu > 


•st.e *i 3 .e 
•as. 3 •!«./ 

ti/.t -c.e 


i. Kt 

•4*8 •I?,® 

f*.oo 

Hi* •IC.S 

s.oo 

• < .* • * 3«3 

6.30 

•3.4 •!<.« 

8 . 00 

•9.V •n.; 

10.0 

•6*1 

».» 

•2.C *13. 9 

!6.0 

•2.2 

.’0.0 

•1.3 *12, « 


•2.H -ts.e 


•4.0 


•2.t •(8.4 

SO . 0 

• li.C -id.t 

M.o 

-*.e -MJ.9 


OPTr , — — 


2«.1i -O.s 


30. 

4U. 

eu. 

OU, 

70. 


•26,4 

•^9.0 

•'29.9 

• 33.4 


•20,0 

•?2«3 

^23.3 

•26.9 


• 19.8 

• 17.2 

• 16.2 

•si.e 


• M.4 

• n.^ 

• 3 3.2 

• 19.9 

ui 

•9.9 

•9.9 

•7.4 

• 9.9 


• 3t4 

«3.1 

• 9.U 

• 0.1 

?Ca 

•2.8 

•2.8 

•4.1 

• 6.7 


• 2.U 

•ii»3 

•2.2 

• 3.6 

•2t; 

• 1 .ft 

t.9 

l.l 

• 9. ft 

•J.y 

•2.4 

2.2 

2.( 

• 0.4 


• 2.0 

4.6 

J.« 

(1.7 

-i;i 

•2.0 

9.9 

b.o 

2.9 

.4^ 

• 2,0 

6.6 

0.1 

2.2 


• 2,1) 

4.7 

9.3 

• 0.4 

• 1 2 . 1 

•t.ft 

r.M 

3.9 

• 1.2 

-4^0 

• 8,9 

6.7 

U3 

• 7.1 


• U.O 

.1.9 

1.3 

• ?»3 

•9.3 

(1.9 

•2*7 

3.6 

2.9 

•2,'i 

•V.o 

.3.2 

6.9 

2.4 

•9.2 

3.9 

1.9 

6.6 

.2^4 

.2.3 

•u « 7 

-2.4 

9.t 

• 3.2 

•9.V 

• 2.4 

•2.5 

4.9 

• 2.4 

.4,8 

• 1.4 

• 4,2 

9.2 

0.2 


«6 .9 

• IC.9 

1.7 

•JJa* 

•O.l 

•9.0 

•3.3 

2*3 

• 2*9 






.6*. 5 

• IU.4 

MOSPL^ 

• 7.6 

• t.6 

• 1 U.7 


s«, eu. '«o. too. iia. iao« 


.J6.4>9«.V>40.B>2».e«4|.l 
• S9.tl«40.«.33.6>29.9«3S.0 
>SA.6«4U,2«2B. 3*21. 9*30.0 
>|9.7*3S.3«2l.a«tV,6»29.a 
•I3.9«l9.2«l4.9*ts.7*l9.9 
»U).6«I!2.1»I?.B*I4.4.|7^& 
■e.B •».9«M.9«t4.1.|9.e 
•6.9 *6.8 •y.t*l3.3«l3.0 
•4.9 •A. 3 •7.3^t2.9«l0.4 
•9.2 *4.9 •a.2«l2.l«l0.4 
•3.9 •B.U •B.9^11.4 •B.O 

•a .9 •b.a •v.e^u.a >8.8 

-4.3 •7.1 •9.a*12.2*l0.3 
•4,6 »S. I • 1 3,6» 1 1 , l« 1 3. 1 
•t.4 •8.0-ll.9-l2.6>21.9 

•6.2-ie.i-ii.o*t;.o<i9.a 
•3.7- 1 3. 4- 13. a- 19. 7* 19.0 
•0.6 -9.9 -6.0* 1 2.5*27 .6 
•9.1 •9.9-17.2-I6.6-4Q.9 
•4.8 •6.o-ii.i*aa.o>3o.e 
0.3 *1.3 -8. 7-22. 7-30. 7 
•1.4 •4.2-I2.3-23.2-34.4 
0,7 •4.4-I0.8-I0.6-34.8 
•3.4 •4.7-I2.7>I3.3-32.I 
•4.9 -S.l-lO.t -B.B-se.l 


•l4.6-l9.3-t8.9-20.6-21*8 


CONICAL NOZZLE (run no - 98 ) 


IHISSION akCLI. (DlLAtlVl If JCI tAAAlSI) RLftStNCtO TO KCiTLE £*IT 
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1 1.9 

4.9 
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.9 
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0.5 
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4.4 

7.9 

1 t .4 

33.1 

5 ; 3 
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- 0.8 = 0,08 T,< - ,,OOK 

_______ HA I Si Y LOBE NO/ZLE (Run no 86 ) ’ 
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78. 30. 80 . No. 'Eo. 7o. RO. 8 o. TOO. MO. 
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1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTC.) 


DAISY LOBE NOZZLE (RUN no 
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•6.1 
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•6.3 

-7> 
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•4.4 
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-4,9 
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•6,1 -lu.e ■9,2 •11.6 
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Q^ 
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•4 .4 
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•e.9 
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•12.1 • !7 , 1 

-15.4 

• 11,6 


•12.5 *19,9 

• I2,0 

•9,8 


• 1 4 ,6 • 1 S ,6 

-15.1 

• I3,f 


•7.6 .9.4 

•6.0 

-3.4 


ADTT 





21.3 •«.* 

• 10,3 

•6’. 4 

- 


5,4 

•6.4 

• 14.1 

• 14, t 

• 12,7 

-8,6 

>U 

• 5,7 

••8,9 

•9,2 

-10.5 

• 14. a 

3.1 

-4.1 

-3.0 

• 4,0 

■ 11,6 

• M.4 

7.6 

• iJ ,9 

• 4,3 

• 6,3 

-7.5 

• 16,9 

-i.e 

-11.8 

.7,4 

-7,0 

-io.2 

• It, 4 

^ -3,1 

-I7.2 

-9,7 

• 13,9 

-14.1 

-17.1 

J -3.7 

-15.2 

• 13.2 

-15.1 

-16.0 

• 19,2 

3 -4.7 

-14,7 

• 12,4 

• 19,3 

•14.4 

• 21.6 

? .9,3 

• 13,9 

-12,9 

-15.6 

• 16.3 

• 17,6 

9 •3.5 

• 6.9 

•6.6 

•6.3 

-6.5 

• 14.6 


NOSPLt — 

-e.e -Ji.i -H'.? -13. < -16.7 .is’,3 






CONICAL NOZZLE 

(run no = 101 

) 


1 


LPlSSTOKi 

AKbU 

IBLLATIVL 1C JCl 

MihAUbTl RirERCNCLO TO brZ7LC EXIT I 






( 

CCCRELS ) 






PTFt 

29. 

30, 

40. 

s«. 

60. 

7»i. 

80* 

90. 

ion. 

110. 

FREQ 












KHZ 












.250 

• 25,3 

• 16. 5 

• 1 7, 3 

• 19l» 

•21,9 

-24.6 

-JI.9 

•37,2 

-29,0 

• 36,5 

-37,9 

.315 

-26.1 

• 19.9 

• 12.3 

-m;? 

-16.7 

-19.3 

->Sb,4 

-3U.4 

•24.8 

• 30,5 

• 32.4 

.«iOO 

• i;,g 

•6,2 

•9.3 

• 11. D 

• 13,6 

• te.t 

-22,6 

•96.9 

•21. S 

• 27.1 

-29,2 

.500 

• «2.9 

•2.3 

•6,0 

• 8* 4 

• 9,6 

• l2’.u 

-15,7 

<«2U,6 

•18,8 

-22.5 

-25,2 

.630 

•9.1 

1.3 

•!.S 

• 4.8 

• 6.2 

•6.1 

-12,4 

-16,4 

•15.6 

•18,8 

•2i,S 

.000 

-6.5 

3,5 

6,1 

•r.8 

•3.9 

-5,1 

• 6.8 

• 12,9 

-13,0 

-19.1 

• 19,2 

1.00 

•4.7 

4.6 

2,9 

0,3 

• U2 

-2.9 

• 5,7 

•9,8 

•10.3 

• 12, A 

• 16,8 

1.75 

•5,3 

5.1 

-46.5 

-34's 

•u.o 

-I.B 

• 9.8 

•6,6 

•7.7 

•10,1 

• 14,2 

1 .60 

•3*3 

2.6 

2.2 

>> 

• 0.0 

•0*6 

• 6,8 

.4,5 

•5,8 

-9,0 

• H ,6 

2.00 

• 3,2 

-4.7 

• 1,2 

0^7 

1.1 

1.7 

6,8 

•3,1 

-4,; 

•8.4 


2.50 

•*.V 

•2.6 

•6 • 1 


2,4 

3,6 

1.5 

••S,9 

.4,9 

• 7,0 

• 7,1 

3.15 

•1.6 

•l.l 

•9,6 

9,0 

1.2 

4.3 

3.8 

• 3.3 

.4,6 

•9, 1 

•S,8 

*♦.00 

• * ,6 

• 4.9 

• 6,6 

.* 1 ? 

2.C 

3,3 

3,8 

-1,9 

-2.0 

-4,0 

•5,8 

5.00 

-1,4 

•6,1 

.7,7 

-5,8 

• 1,3 

5,1 

b,i 

0,6 

•2,8 

• 7,9 

•9,6 

6.30 

-6 .5 

• ifl.e 

• 7,1 

-?;4 

1.2 

5.6 

5,4 

0,4 

•6,8 

-5,4 

• 19,8 

8.00 

• I .0 

• 6,4 

• 8,4 

-5,6 

•t ,6 

7.5 

3.6 

9.5 

• 11,0 

•9.2 

-17,2 

10.0 

•1 »6 

•7,7 

•5.4 

-3,3 

• 3,S 

7.4 

5,1 

• t,6 

• 6,3 

-7.3 

• 16,9 

12.5 

^.2 

•6.6 

•9.11 

•6, 4 

• 3,8 

7,3 

7.U 

0‘,4 

•0,6 

•6,6 

• 11,9 

16.0 


• 11,1 

• 9,9 

-7,7 

• 3.3 

3.5 

7.7 

• 1.2 

•9,5 

-7,6 

• IU.4 

20.0 

-7.9 

•14,6 

• 18,1 

•«9,0 

• 8,1 

•2,3 

• 1,3 

• 6,4 

•M.1 

• 16,4 

• 22l9 

25.0 

•6 • 1 

• 12,3 

• 16,5 

• n‘,3 

• 6.0 

•2.4 

2.7 

• 7^0 

• 13,6 

-14.5 

• 29,4 

31.5 

• 12.4 

• l6.9 

-18.1 

• 15,7 

• 6,8 

-3.5 

• 9,8 

• M,2 

• 14,9 

• 21,4 

•31, U 

*i0.0 

• 6,3 

• 15’,5 

-13.7 

• 13,5 

• 6,8 

6,5 

-1.9 

• to,9 

•13.4 

-17.9 

• 21,1 

50.0 

•6,3 

-8./ 

• 6,0 

•8,1 

• 3,4 

1,6 

1.9 

• 9.J 

• 8,4 

• 13,7 

-18, U 

63.0 

•v,c 

•4.9 

• 6,1 

• 9.9 

• 8,7 

• 1,5 

• b.e 

-12,6 

-14.2 

•19,3 

-20.7 


OPTF^ 

^ 




NOSPI-t 







23.7 

• 2.2 

• 5,3 

• 6.4 

• 6,2 

•5.3 

• b.8 

• 11.8 

-12. « 

-19.7 

-ie ‘,2 




1/3 OCTAVE KTC MB) WITH BESfECT TO UKIBEBT SPt («TC,) 


600 K 





1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTCt) 

Mj = O.B = 0.24 Tr = 600K 


t>i-l -fWl 
OF 


■ PAGR u' 

quality 
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 



2J8 



1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTCt) 


OUir.lNM- V - 

oi< I’ooi’v Fnr'fl 


Mj = >.2 Mt “ ® 


Tn ” 600K 


LAISY lobe n ozzle (run no ° 83 ) 

LriSSlON ANtl-t (RtUtlVt 1C Jt1 UI-AWII RtrtRtNCtO TO SOZTt? mi 
‘ ‘ ( OKCRUS ) 


4«. 

90. 

80. 

7y, 


.4.4 



itU 

• 11.7 



IV,9 

• 12*9 

• 10.3 

• iu.e 

28.5 

• 1 4 • 7 


•9.1 

« Jl 


DATA FOR 

theremaihing angles not analyzed 

DUE TO JET NOISE CONTAMINATION 


OPTFt — 

25.3 -S.? -8,8 0'.3 -4,0 



CONICAL NOZZLE (run no = js ) 


PTFt 

M^tQ 

KHZ 

.?50 

. 3 ^> 

.IiOO 

. w 

.630 
.800 
1 .00 
1 .?^ 

1 .60 
.00 
? . ',0 
3 . 1 '; 

I* . 00 
') . 00 
6.30 
8.00 
10.0 
U’.^ 

16.0 
20. 0 
25.0 
31.5 

110.0 

50.0 
63.0 


data not ana'.yzed due 

TO JET NOISE CONTAMINATION 
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1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC<) 


1.2 H|. “ 0.08 


Tp ■= 600K 


DAISY LOBE NOZZLE (Run no = s'. ) 



LM18810M ANCLE (RELATIVE TO JET 

CKHAU91) RCrERERC^O fO NOZZLE EKlt 1 

FREd 

RTF, 

( 

19. 99. 3«. 40. 

OE9RCE9 } 

90. eg. 7o. 

do* 

80* 

KHZ 

.2S0 

*23.8 

*1812 «29.3 *3919 *39.0 

• 3^0 

•lole •46,2 

*80,8 

•14,0 

.315 

•83.9 

*18.3 ,94.4 41.1 03.4 

*29^4 

*19,0 -37,0 

•23,1 

• 18.0 

.600 

•28;6 

.17.4 .99.8 •97^9 *99^0 

*89^1 

•18,8 •32,4 

•9lM 

• 19.9 

.500 

•86.9 

.17.7 >99^8 -94,7 -94,1 

• IJ.U 

•13.1 •80,8 

• 16,8 

• •7,1 

.630 

• 19^4 

•29.8 <*98.9 09^4 -I9«« 

• l<3,9 

.18.3 •14,9 

•19,7 

• 19.3 

.800 

• 16^6 

•21*3 •2t.6 *88#9 -17.1 

• 1^4 

-14.9 -19.8 

*13,4 

• 13,0 

1.00 

• 13.7 

.18.4 .19.1 •U.a -IS.9 

-8.9 

‘*6,3 vIOaO 

•11,1 

•10,8 

1.25 

• ^#.? 

.18.8 .<6.9 -lA.Z *13.3 

•6.3 

<•3.4 <•8.9 

•8,8 

•8.8 

1.60 
*3 nn 

•7^3 

*19.9 .13.6 •I3«4 .lu.4 

•3*3 

i.i *9,9 

•6,3 

•9*8 

• 4.6 

•9.7 <.11.9 -11. 1 -B.e 

•0.0 

4*4 ••4,9 

•4,3 

•9*8 


•1.6 

■6,1 -6l4 •9.9 


7.6 -9,4 


.9,4 

3.15 

1.3 

•8.8 •5*0 *9^4 aS.fl 

•8.4 

l0.8 ••0,9 

a.4 

•0*7 

6.00 

2.4 

6.1 *3*1 •3*0 sl.O 


II. 1 0.4 

4,8 

8*4 

5.00 

3.6 

9.3 .1.1 -1/9 0.3 

8.3 

19.4 1.4 

4,6 

•0,9 

6.30 

8.4 

4.6 •2*6 *3*1 •!*) 

•9^4 

9,3 .U7 

0,6 

•9*3 

6.00 

•3.7 

•4.9 •S.e *3.9 

0,81 

4.U <.7^4 

40,3 

•4,3 

10.0 

•3.2 

*11.6 *9*4 •O^S vO.S 

.0^4 

•U.l -9,0 

8.9 

•3,4 

12.5 

■^3 

• ti;.a *6*0 -o^o 1*4 

•9 .-6 

9,7 8,9 

s*s 

•4,0 

16,0 

•2.4 

•13.0 •i#*4 -957 •O.S 

• 13.1 

6*3 3*4 

•9,7 

•8,4 

20.0 

•3.4 

•l8,4 alOAO *9*6 

• io.il 

4,4 .111 

•2la 

0*8 

25,0 

-4.7 

•6*6 1*0 3^6 4.6 

8,6 

4,9 .1*3 

•4,3 

•0,7 

31.5 

•3.4 

• 13.1 •n.l aO^e a4.3 

• 4,4 

1.6 ‘e9,4 

2.9 


60.0 

4.3 

• I2*,7 •11*1 -7^8 aO.I 

•6,2 

•1,6 *10,0 

12>9 

19.8 

50.0 

•1.4 

•6,3 a5.6 •1^1 *l^i4 


<•1,9 ‘•9,8 

M 

8,9 

63.0 

2.6 

• 1 *9 0.3 3.1 6.3 

4*8 

0.1 1*8 

9.8 

8.9 


OPTF^ 


NOSPL^ 




94.9 

• l3.7 .14.6 .13'.0 .llJ 

•7.8 

•9.0 •t0'.4 

•4.1 

•2.9 


CONICAL NOZZLE ( run no = 105 ) 


CKISSION ANCLE (RELATIVE tO JCl ex»‘AU 8 t) RErERENCCD TO NOZZLC EXIT 

( OEBREfcfi ) 

2«. 3«. «0. 80. 00. 70. 00. 


.250 

>2£',0 

• |9,3 

• 16.0 

-80^ 

•81*1 


.315 

• 19.7 

• 14.3 

<•13.9 

•14^ 

.15*4 

• 17^ 

.600 

•te.o 

•7.0 

<•16*3 

• 11,9 

• I8,6 

-14,4 

.500 

• 18.8 

•4,4 

•6.6 

•7;4 

•0.3 

• 10,1 

.630 

•8*8 

• 1*0 

•3*0 

•3,6 

•4,4 

•6,4 

.800 

*9.7 

8.8 

0.8 

0,9 

•0*8 

4 41 

*4,0 


40.4 43^0 

41.9 40^9 

• 19.7 44.9 
-19. I *10.7 
•11.4 >19.4 

•9.3 •10*0 
■»i,9 * 9.4 
<•0.1 rnffO 

'•3.7 »8.6 fQI( the rehainiks angles mot 
<• 0.3 -a.j analyzed due to jet noise 

1.9 «1a9 .CONTAMINATION 

3*8 t|it 

6.3 8^1 

8 .U 8.6 

8.6 8;8 

10.8 3.3 

lt.8 6^8 
11.7 8^0 

s.e •tfpS 

*3.4 *6.8 

•*8.U ■•6.8 

• 13.6 • 6^4 

• 1.6 •7.8 

•8,0 •7<o8 


OPTFi - 

88.8 


4,6 1.7 0^6 •1.0 ^2.6 •3.6 •8*3 
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1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTCt> 

M. = 1.2 Mt ® Tr ® 600K 


DAISY LOBE NOZZLE (Run no 


CHlSSlOK CRLLAtiVL K JtT tXhAUaT) «trtfiCNCtb tO N022Lr iXlT 

( OtGRtkS ) 


14, 20* Jo. 40, 


7o« 6u'« 


lie. 9 •29«a 
.I7«e 

»16.3 •2J.2 
»t7.l *2f»b 
*25^3 -24«7 
.24.0 -21.1 
•tO.4 •*0.t 
»tS,4 •I6«S 
.12.1 *13.8 
•9.3 -H.O 


•38.2 *39.2 *38'.? 
• 30’.7 *33,4 *29, U 
•2^.0 •20.3 *24,4 
-24.1 -PJ.S -I7p4 
•22.9 *19^1 *13^4 
•20.0 •lO.t •lO.t 
-17.B *14,7 -8*4 
-16^0 -i2,9 -e.o 
•13,1 *IU,2 -3.0 
•lolo -O,! •Q.S 



24,9 -IJ.J -14,2 •I2’,to -lu,? -7,6 -2.4 -lO.O «»3.7 *2.6 


CONICAL NOZZLE (run no = los) 


LPlSSllK AKCU CRiLAtiVl 10 JLT CKKAUSI) RCrER£KC£0 TO NOZ^LC EXIT 

( ntCRElS ) 


24. 

30. 

40. 

8U. 

13.7 

• 17. U 

-IB* 6 

• 19.6 

-9.9 

• 11.9 

-13.1 

-14.1 

•8.9 

.9.3 

.10,3 

-11,7 

• 3.7 

•8.9 

-{5,7 

• 7.6 

•0.7 

• 2.7 


-4.1 

3.» 

t.d 

0,6 

•U.6 

0.2 

4.2 

3.7 

2.0 

v.e 

7.0 

6,9 

8.0 

13.0 

16.8 

9^9 

7.8 

•4.7 

II. a 

9.9 

8.2 

14,6 

to.3 


6.7 

12.0 

6.4 

?,v 

2.8 

0.4 

3.3 


0.9 

0.8 

0*1 

-4,6 

-1.9 

H.2 

4.S 

•o'.o 

0.4 

10. t 

5.6 


3.1 

13.6 

12.3 

u.o 

10.7 

8.0 

6.0 

5;3 

8.4 

n.O 

7.8 

8,« 

4,8 

9.1 

4.8 

2.0 

1.9 

8.6 

4.n 

1.7 

0,4 

8.8 

S • it 

b;5 

3.9 

0.9 

3.C 


2.0 

t.O 

3.S 


J.1 

1.8 

•0 . 8 


U.H 


8.4 

?.6 

1.4 

• U.l 


-20^4 -24.0 
•I8,7 -2u.8 


• 13,4 

-18.7 

-23,6 


-9.3 

-14.3 

•16.0 


•6.1 

-II. 1 

• 12.1 


-3.H 

-9.1 

• 10.9 


-1.7 

• 7.9 

.9.4 


1.U 

•6.1 

•7*.; 


3.9 

8,6 

•3,7 
• 1) ._3 

•6.4 
• 2.4 

DATA FOR THE REKA1NING ANGLES NOT 

t ,3 

1.2 


ANALYZED DUE TO JET NOISE 

4.9 

3.8 

i.i 

CONTAMINATION 

6 .2 

6.3 



7.4 

7.0 

2.6 


6.2 

8.6 

2.9 


8,8 

10.3 

3,3 


6.2 

12.0 

6.6 


6 .0 

11,8 

6.1 


4.U 

8.7 

• 6,u 


l.fi 

•3.3 

• 0.0 


-2.4 

• 7.9 

• 6.2 


1.3 

- 13,8 

• 6.4 


1.9 

• 1.8 

• 7.1 


•0,7 

• 1,6 

• 7.0 


• 0.9 

• 7,6 

• 9.0 


• NOSPL|. 

-1.7 

• 2.8 

• 7.4 








1/3 OCTAVk NTC (dB) WITH RESPECT TO INCIDENT SPt. (NTCi) 


M, = 1.2 M, = 0.16 T_ » 600k 


DAISY LOBE NOZZLE (run no ° <29 ) 


C^^l88lUk AKCU 

("UAtlVt TC JtT IXNAU9T) HtrtBtNCtO TO NOZZLf tXll 



( DU*9n e ) 

RTF, 

8 f. 

1 

•33. S 

• 21.6 



• 16. « 


•2/,e 



• n-,1 

.6,4 


• IS.2 

• 3.9 



.1^4 


• M ,8 

6.3 



1.9 


•/.3 

4.0 


•?*l 



•l :.7 

s.< 


- 7.4 

4'.3 


•S.fc 

2.9 


• / .t 




3.4 

DATA rOA 


-3^6 

THEREKMNfNG ANGLES NOT ANALYZED 

• Ir 

1.4 

DUE TO JET NOISE CONTAMINATION 


•4.2 


•t 7 .l 

•5.3 



-2.1 


• , 1 



•t ,t 

s.* 



*2.7 


.4 

11.4 



6.0 



CONICAL NOZZLE ( run no i02 ) 


IMISSION (RCLAIIVC 10 JET rX6AU9t) RtrCRENCED TO KOZILC EXIT 

( uEcmis ) 


PTF| 

^6. 

60 . 

6q, 

7«. 

60, 

90. 

• *3.i 

• 16,0 

• •9.7 

-3^1 

-9,4 

-36l6 

<9,9 

• 1 1 ,i 

• 11,4 

• 11.6 

• 1,9 

•8.3 

•32,3 

<2.3 

• 1 1.0 

• to.i 

•16.0 

• 1^4 

.2.8 

• 30,9 

<1,2 

•9,7 

•3.2 

•4.8 

•6.3 

•2,7 

•20 , U 

•16,1 

•6.7 


• 1.9 

0^9 

•2,3 

• 16,6 

•13,1 

•4 .C 


0.6 

2>7 

-4.1 

•14,9 

• M .2 

•3.2 

3.7 

2.6 

3^6 

•2,0 

• 13,1 


• *.« 

6.3 

4.4 


-0,0 

•11,0 

•2,9 

•*,7 

6.6 

6.4 

3^9 

U ,3 

•ate 

'•6,0 

«.9 

6.3 

8.0 


1.2 

•6,6 

•3.3 

* . 3 

3.« 

8.0 


4,0 

•4.2 

• 1,6 

l.B 

•6.1 

6.7 

8 ,h 

6.4 

• 1,9 

'•0,0 

3.>6 

3 i « 

8.1 


8,1 

(1,2 

1 .0 

2.3 

2.1 

S.l 

6.9 

8,8 

0.9 

0,3 

2.2 

•4.9 

4,4 

618 

9,9 

1.6 

• 1 ,0 

«.• 

*.7 


<1^3 

12,1 

3 ll 

•2,2 

*.7 
1 • 

• 1.6 

A • 

7.3 

m n 


219 

<<2»6 

•8,2 


DATA FOR THE REHAINING ANGLES NOT 
ANALYZED DUE VO JET NOISE CONTAMINATION 





1/3 OCTAVE NTC (dB) WITH RESPECT TO TRANSMITTED SPL (NTCt> 

Mj - 1.2 My = 0.16 Tr = 600 K 

DAISY LOBE NOZZLE (bun no ° 129 ) 

tl'l8Sl6^ AnCU iBlUUVt 1C .»t1 ‘.IIHAUST) BtrCBlKtO TO KCmt fXIT 

( IU 6 NI.U ) 





PTFt 


• 3J..I 

•?» .3 


• t6,4 

• 2?.S 

• iS.O 

• 17,7 



• 3,1 


-1.0 

• 11,1 

0.7 


?.? 

• w 

4./ 


t.9 

• t.4 

5.3 

•y ,4 

4.4 

■s ,7 

2.^ 

•y.t 

4.2 


3.t) 

• *f . 1 

-3.3 

.3 

1.4 


• 4.4 

• U * V 

-5.1 

• ti.s 

•2. 1 

• 1 • . 1 

1 ./ 

-( .L 

5.2 

».l 


• 5r 

M.S 

•J .a 

V , 7 


OIUCJINAL PAGE IS 
OF POOR RvLlTV’ 


DATA FOR 

THEREHAINING ANGLES NOT ANALYZED 
DUE TO JET NOISE CONTAMINATION 



CONICAL NOZZLE (run no = 102 ) 

if'lSSlON (RLLATIVI 10 Jt1 lAKAUa!) RtrCRtNCLO TO NC2Zlt tXJt 

‘ ‘ ( IHGRLIS ) 


FRrq 

KHZ 

PTFt 

4 «. 

So* 

6«). 70 * fiU. 

9 ii. 

. .’‘>0 

• 1 1 «E 

• 14 ./ 

- 14.4 

-t.v -a.i • 37.3 

•^24.; 

. il‘3 

• U»t 

• I «»6 

• 10.6 

-r,i •r.i *ii.e 

- 21,0 

. hOO 

-w.s 

•y ,5 

• 9.9 

•Q .5 * 7^2 - 3 o .3 

• 20.6 

.son 

• \f .2 

• 2 ^a 

• 4.3 

«',» -T,? -H .6 

- 16.6 

.OV) 

• t ,4 

0.5 

• i.e 

1.2 -7.0 •to . 2 

• 12.6 

.bo.» 

• 4 .$ 

2.3 

»,f 

. 4,0 - 14,7 

• ll.l 

1. 00 

•3.1 

3.8 

2.6 

3.0 •?«0 * 13. 9 

• 9»5 

i.?7 

•1 .V 

5.3 

4.5 

J .7 - 0.4 -l«,« 

• 7,5 

i.to 

•0.7 

t.e 

6.4 

4 , 1 ) U .3 • 6.6 

• 5.U 

?.oo 

n.e 

e .3 

8.0 

6,3 U 2 -^.O 

• 3«3 

r. Ro 

1.3 

4.0 

8.C 

8.1 4,0 - 4.2 

1 .6 

?. 

1.5 

•0 .0 

6.7 

H,V 6.4 -I.O 

•II . 0 

/« . :)(i 

3.1 

3.9 

8.2 

9.9 6.2 0.2 

1 • 1 

‘>.00 

2.3 

2.2 

5.1 

9,«) B.e 0.9 

t *4 

6.30 

2.3 

•0.9 

4.4 

6 lb 9.5 1.6 

• 1.0 

8.00 

C.2 

1.9 

9.6 

11^5 12.2 3.3 

•? i5 

10.0 

1 .fe 

• 1.7 

7.5 

6,5 8.1 -2.4 

• 8, 1 

l/.s 

3.1 

2.5 

6.U 

n.? 7,6 -e.e 

■•6.8 

1 16.0 

•:i .4 

0.5 

5.0 

V*.to 2.7 #17,2 

• 6.7 

;o.n 

• 5.4 

-3.4 

1*6 

2).0 -fi.* 

• 6.6 

2b. 0 

•/.4 

• 4,6 

0.7 

•0,5 •IO»0 •ts.o 

• 1 1 ,4 

31. b 

•3.2 

• 4.3 

•0.1 

7* 7 -10,0 -9.4 

• 5.6 

liO.O 

4«2 

3.0 

5.6 

8.5 0.6 -t.9 

• 9*1 

■)0.0 

•3 

-1 .4 

2.7 

4 .U - 6.3 - 15 . » 

•9,4 

61.0 

- 3.5 

2.7 

1.7 

4.5 - 11,1 •? .3 

wn<iPi ^ 

• 6.2 


DATA FOR THE REMAINING ANGLES NOT 
ANA.YZEO DUE TO JET NOISE CONTAMINATION 


• 7 »fc 




1/3 OCTAVE NTC <dB) WITH P£SPECT TO IMCIDENT SPL (HTC,) 
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1/3 OCTAVE NTC (fiB) KITH RESPECT TC TRANSMITTED SPL (NTCt) 


Mj = 1.2 Mr » 0.2li Tr “ 600K 


DAISY LOBE NOZZLE (RUN no ■= 130 ) 


CN1&&IOK 

A^CU 

(ouAiivr ic jct r«t*Ai>»n RirtRucco to kozzit mit 



( »r. 6 RtL$ ) 

PTFf 


fin. 



• 21 .2 

•2a • 6 


• 2 / 
•2( .8 
• t/,e 

• 19r2 

• 8*0 

• 21.5 

• iy.2 

.8 .5 

OnrOLVAL' p\cr n» 
Or . /■''OK IS 

• t4.6 

-0,2 

.4.7 


• 13.3 

.5,1 

.3«S 



-2.3 


.2 


•U «4 


•/ • 1 

t •« 

2.7 



2. A 

4.2 



2.2 

3.R 

DATA FOR THE REMAINING ANGLES NOT 


V 

2.3 

ANALYZED DUE TO JET NOISE CONTAMINATION 

•i .t 

2*« 

2.R 


,0 

1.8 

1.2 


-►•e 

0.2 

4 ^ • a 


-f .5 

•0.3 

0 .s 


• M , 3 

-7.3 

. 7.2 


• *e.2 

-^’.1 

•6.2 


•7 

«.i 

I.C 


• • 2 .c 

• 3.6 

.2.7 


•S .V 

•2.a 

•A • A 


•1 .t 

-A . 2 

4 .* 


^.4 

tt.3 

1 5 


3 . 3 

t«.6 

(3.6 


• 4 , U 

rxnrr 

3. ft 

ft.t. 



CONICAL NOZZLE (run no = io<i ) 


rFlSSlOK ANCLl (»tlATlVr 1C Jd LXHAU5IT) HCftl^ENCtO tO KCZlLt CKJT 

( l)t:GRLlS ) 


40. 

5q. 

60« 

70. 

3.3 


• U.6 

-2.5 

•0.€ 

.2.0 

-4.4 

.3.6 

.1.4 

•2.7 

•5.2 

•3.6 

.6.9 

•2;4 

.4.8 

-3.4 

.0.4 

.1.7 

• 3.6 

•i.i 

2.1 

o;? 

•1.9 

«2‘.6 

4.4 


• 0 • 1 

•2.U 

6.9 


2.M 

• 1 »U 

8.3 

6.3 

3.3 

0.4 

7.6 

9^7 

4.1 

8.U 

5.6 


6.4 


6.3 

6^3 

«.l 

3^9 

4.0 

6,9 


3.8 

• 3.1 

0.1 

».4 

-2.1 

•<t. 1 

31# 

10.5 

2.1 


DATA FOR THE REMAINING ANGLES NOT 
ANALYZED DUE TO JET NOISE CONTAMINATION 







1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 


Mj, 


MULT I CHUTE NOZZLE (ruh no ) 


FReO 

KH^ 

IPISStON 6NCU 
PTFi *. 

.250 

•3,3 •6,6 11,2 

.515 

• 14,4 •16, 9 4,6 

.<100 

•19,7 -aS.a •4,9 

.500 

•24,6 •ai.O »7,4 

.630 

-a*./ .ao.i -li.® 

.800 

•23,2 •l8*7 -13,9 

1.00 

• <H,6 •lO.a *11 ,6 

1.25 

•8,2 •1,7 •6,9 

t.60 

■8.3 -a.« .4.6 

2.00 

•i3,4 —9,7 —II^S 

2.50 

•<8,7 •14,9 -16,4 

5.15 

•18,7 -16,3 •14,8 

4.00 

•6,0 •1,7 «2 • 1 

5.00 

■9,3 •lO.O «B,9 

6.30 

•14,6 »|4,4 •l3,2 

8.00 

•14,7 *4,6 -3,2 

10.0 

•21,8 •8,2 •l6,7 

12.5 

•2*,t •6,8 -I4.2 

16.0 

• 1 6 , t —8 , 1 •? , 7 

20.0 

• 14,4 *1 ,8 •4,6 

25.0 

•18,4 •8,7 -9*8 

31.5 

•21 ,8 *6,3 •13*2 

40.0 

•18,8 •6,3 *11 ,2 

50.0 

63.0 

-a«.; -0.6 .16.8 

■3^.0 -l3.6 .81.3 


( Dkcnie ) 

III, lo. Ju« '•u* ^*** *“* ’**• **®‘ ***'“ 

-8l4 «*.3 -«.J •<.' •*•* *<•* Tf‘! Ti’i 

• I*i< • ^•?4t9•24•U•23^4•|7»3•26#0•2l #8* I At® 

.iaj4.l«,4*26.u«l<p.2»22#8«24,2*23.8*l8*»-8Bii3«22.N|0*3 
.•4%«l2*6*23,e»l7*'C»2u.«*24*4-23,8«a2*N?J#5*^4«0»28tl 
- 4Co»*7.0-24,7*l«.‘C*24.4.88.;-3u.3*3;.J»29.6-3u3*3B^9 

•2‘ 7«Iii*U*I3«8 •5*2 •7*U •7*9 -A*? •8*8 •7*8 *5*? 

•4^3 *4,7 -8.t -U*; *3#3 •A.S •A.fi •8*8 •9,9 •8*3 -StS 

• Iti 3»IC«4*I9*0 #8 ,ffi • 1 1 #9» 1 3 ,3* 1 4 i 8» 1 8 *7»l 4,9* 1 4 ,9* ! 9^ I 

•I3lu«i3#8«28*4«|4,4»t7,8»18,l*i9*1»80,l»2l.8«?2.8»29.0 

• •3i&2«tU*8 *I«»C •a.B -4,7 * 6^6 ^ 7 •8*7 •7p8 

•7'j -e.apis.o -Sy* ->.i 

-7^7-17. 4.24.6. 14,1. 17, O-ia.O*! 3, 4«l6,4»20.4-a6,8-a3.0 

-io!4-ie.i.ai.o»i3.i6*24.6»ai.4.ao,a»aK9.a8,o»27,o«a9»« 

.16^3-16, 8.26, I•l7*».au.9•l«.9.27. 3.26. 9.88. 9.29. a»a8.9 
.u;3-l3.6.24.o-ie.3.l6.l«I8.6.a0.e-a4. 8.28, 0-87. 7.30, 6 

.aiC|.a6,6.37,6.8e*«.a8.9-a7,7-30,3-37.8.39,3-37.8.40.J 

.99*4.26. 4.34.7.23. 6. 34, i>.3t.2«38. 2-37. 9-31. 7.37. 7-3jjtZ. 


OPTFi 


• HOSPLj 


ai.4 .9.8 


.6.0 .Ia".2-Ij,3.l9.2.ia.a.l4.*.«9,6.|6,9.l7,0-I7.3-I7,9.l7,7 


REF. COAXIAL NOZZLE (RUM no =168 ) 


IFISSIOK ANGU IRUATIVL RCfERtKCtO TO KP2Jtf MM 



PTFi 

19, 

20, 

30. 

FRFQ 




KHZ 





.250 

• 11,2 

•2,6 

• 1,7 

.315 

• 16,7 

•C,3 

• 7,1 

-8,8 

.400 

>a«.3 

•a«.» 

• |7,6 


.500 

• 26.7 

•29,3 

• 18.3 

• 21,0 

.630 

• 24,7 

• 19,6 

• iB,9 

*88,9 

.800 

•83.4 

• 18,3 

• iS.o 

* M 

1.00 

• 18,9 

• 11,2 

.16.6 


1.25 

•9,6 

• 4,4 

•4,8 


1.60 

•4 ,6 

• l.l 

•2,6 

•3,9 

2 .00 

• 12,1 

•9,1 

• 10,0 

.9,9 

?.50 

• 17,6 

*13.8 

•l3,3 

• 13,1 

5.15 

• 17*9 

• 12,8 

-12.8 

• 1 1,7 

4.00 

• ,7 

• 4,3 

• 4,3 

•3,7 

5.00 

• 13,® 

•7,8 

•7,3 

•7,9 

6 . 30 

• 13*2 

•6*1 

•6,7 

•6^1 

8.00 

•9,9 

•0,4 

•0.9 

• I^B 

10.0 

• <6,9 

•4.B 

•9,7 

• 6,0 

12.5 

•29*^ 

.9,9 

• 10.8 

• 1 3,9 

116.0 

• 14,6 

•3,1 

• 4 ,5 

-9,6 

70.0 

• 14,1 

•2,1 

•6,8 

• 10,4 

25.0 

• tB^S 

•7,6 

• 7.B 

• II, b 

31-5 

- 86.4 

-9,4 

• 13*3 

• 13,3 

40.0 

•24 »3 

• 6,1 

• 16.1 

-11,1 

50.0 

•24,7 

• 11,1 

• 14. b 

• 1 4^ T 

61.0 

•27,6 

• 16,3 

• IB*1 

• l7*,4 


40. 90. 


-I4.H 

19.7 

89.7 

22.7 
»20«8 

• t9«l 

• 17,4 

• IU«€ 

• 3,9 

• lu«i 
■ 1 3 ,0 

• 13,9 
•6,7 
•9,8 

• 9,8 
•9,H 

• 1 4,6 

• IB. 6 

• l8,0 

• 14.2 

• IB, I 

• 18,7 

• IH.lt 

• 26,1 
•%0,l 


• 16, e 

•22*3 

• 38,6 

• 28,4 
• 28 , U 
•23,9 
• 22,2 

• 13,9 

•e«8 

• 13, u 

• 17^4 

• 17,4 

• 11,7 

• 12,3 

• 16,2 
• 10,8 
• 18.2 
•21,7 

• 17,7 

• I 4.U 

• 29,8 

• 19,9 
•20,4 

• 39,8 

• 34.3 


6U, 


• 19,3 
•28,7 
•3u,9 
•»26,B 
•*23, 1 
•122,6 

• 19,7 
• 9,6 
■•3,6 

• 10,U 

• 16,1 

• 16,7 

• Mi • 4 

• :u,9 

• I 6 • t 
-11,4 

• 16,0 
•74, IJ 

• 11,3 

• M.H 

• 19,7 

•2ii,9 

• 19,2 
•26,7 
•32,6 


70, 80 , 9U, too, tIO# 120, 


• 14,2 

• 19,8 
•39.9 
•28,1 
•29,0 
•29,4 
•20,7 

•9,3 

•3,7 

• tU,9 

• 19,0 

• 17,4 

• 11,3 

• 12,9 

• 14,9 

• 12,6 

• 19,1 

•23^3 

• 18,9 

• 16,0 
•20,6 
• 22,1 
•23,2 
•29,9 
•31,6 


• M,7*12,9*l4,4*l3,6^|4’,t 
•20,4*I8,0»20,1»19,9»|9,8 
•974e«30,3^42,1»44,9»4l,4 

•28 »8»27,l»2e,9*29,2^29,0 
•25,6«24,9«26,4«29,7»26,9 
•26,0«2S,9-26,4*26,4^29,3 
•r;0,7^l9,3«18,7*l 8, !• 16, 1 
•0,9 •A, 3 *7,8 •7,4 •7,9 
•3,4 •S.t •2,9 *3,0 •Stl 
•ir,a«iiti*iua«ti,9»i2,i 
-17,3»17,8^17,8*10,4«19,7 
•te,6*20«4-20*l*2l,7*22,t 
•|2,l«l2«e-12,9»12«6»l3,0 
.|9,2*17,3«16,9-19,9»17,9 

• 1 9,0* I9,0^16,1^18,3*19,0 

•I9,g«l6,9-I7,0»16,4*l7,6 

•24, 9^26,2^26,9«20f 0*27,7 
•29,e«27,9»25,2«27, l^aO,! 
•20,6*22,9*22,3«24,4»26,9 

• |7*4»20'.0*20,4»22,4»26,4 
•23, 0»24, 6*2 4, 6 •24, 6* 29, 2 
•24, 9*26, 0*26, 2*27, 6«32ji9 
•26#7«27,7*27,9®»2B,9»34,2 
•30,9*34,l«34,lc»30, 1*43,1 
•38. 0*36, B»30, 9*37 ,6*42, 7 


OPTFi 

22,4 


NOSPLi 


•9.2 


. 9.3 .'3.^ •'^•8 -'S.O .|3,8.l7,6.l)’.4.te.a.l8.6 


2'i6 



1/3 OCTAVE NIC (dB) WITH RESPECT 10 IHCIDENT 5PL (NiCj) 

Hj, 

MULTICHllft NOZ/LE (ftiiw .JO - ) 


if'issujK Ai'i'U TO i">’ 


14. 

20. 


,g. 


5(., 

7o, 

8(i, 

7,9 

• 7,0 

-9 . 1 

-9.3 

•0 . u 

• 9.0 

• 9.7 

•9,7 

2.6 

• 11.7 

-13,0 

• 14.6 

-M,4 

.14,4 

• 15i,U 

•16.1' 

6.9 

-15.3 

• 16/j 

-26,7 

-26.0 

-26,5 

-27, u 

-27.2 

>8.1 

• i5 ,8 

• iH.a 

-24,7 

-21 ,7 

-27.7 

• 26.1 

•PO ,6 


.1«.4 -St. 7 
.17,7 -SV.I 


•;i8.6 - 

• 29. tf .iS.o < 

.i;,? -9.9 

• IV, e -7.V 

• 23.9 -H.2 
•24.9 -11.4 
•32.9 -18.2 
•26.5 -l3.9 
•34.4 •iV.tt 
•3C.4 -17.^ 
•43,4 -23.S 
•41.2 -IV. 3 
•35.1 -24.0 
•44.4 .?8.7 

.4 •31-n 


• 9.!* — lti.7 
7| U3 -19^9 

• 1 u .9 - 1 3 .7 

•9.3 -9.9 

►2o.V -17.4 
>?u.e -i7.u 


•3U.4 -32.2*34i 
•35.9 •45.C.J0, 
•23*^ -23..2-iJli 

• 9.7 -lU.9-l(li 

•9.3 -fi.! •Wi 

-13.9 -l6.3-t8, 
•29.2 -22.1-22, 
•2?. 2 -21.9-22, 
•e*2 -7a9-lti 

• 7.7 

pt3.6 -20.6-23, 
-IH.3 -2t.4-21 
•21.7 -19.6-23 
-16.9 -te.0«21 
-2(1.3 -ie.e-23 
-21.7 -ie.0-19 
•2p;4 -24,9-29 
•29.2 -24.0-29 
•17.3 -17.7-20 
-23.1 -24.0-31 
-20.6 -29.2-29 


.7-26.! 

.8-3*)./ 

. 4— 5fi . I 

.7-2d.( 

1.6— , 3 . * 

I. 7- 1 2 »t 

1.3- 19.1 

1.4- 21,1 

1.7- 24,1 

1 . 3- 1 5 . > 
1.1-19.1 
I • 1 — 2 3 0 ' 

1 .6- 24 , ! 
M-24. 

1.4- 26. 

5.6- 26. 
9.9-22. 
^.9.24. 
».7-25. 
& • 1-23. 

1.7- 30. 
9.6-24. 


2 -9,E 

9-15,1 

7-3M 

,2-11.1 

,0-25.1 
,3-17, 
»6»20 * 
,0-23, 
,S-25. 
,3-26. 
.3-30. 
.2-30, 
.2-23. 
.5-30 , 
.7-20. 
,6«23. 
.6-32. 
.9-33. 


6 “0,6 
1-14,8 
n-24,6 
9-28.8 

5- 4f ,1 

6- 39.6 
4.2? ,2 
6-K.O 
,1-13,2 
,0-lfl.7 
,6-23.6 
, 6-29.5 
» I- 1 9, 7 
.1-20.9 
,4.26.4 
,6.24,6 
,9.30,2 
.5.30,6 
c5.29.6 
.5.27.7 
,7.32,4 
.2-27.1 
.7.24,6 
• 7«30,9 
.0.36.5 


• 13. S ••I’.A ••••,« «9.7 •IS.S •l«.e •|8.U«19.«»?0,S*!<0«<»»2C.9 



16. 

20. 

30, 

40. 

13.7 

-V • 3 

-ii;i 

.13,4 

|7,2 

-0.9 

-•5*4 

.18.6 

19. t 

-16.2 

• 16.2 

• 23.1 


RIF. COAXIAL NOZZIf (run no = ''65 ) 


IMIS81CK ANttE (RtLAllVl 1C JE1 RtrtUlNCLO TO KCZILE E*11 

( ni!G9tlS ) 

j 16 . 29. ^0. 40. Co. 0». 70, eo. 90, I 00 ‘, UO. 120, 


-14,1 -13,8 -14,0-M.«-I3.7«f2,8-14,3 
•19,6 -20.l •20,9-18, 1-20.2-18, 9-20, 7 
-26. b •31, 3 •39,8-30.6-37,2-33,5-39,3 
*w23.5 -28, U -30.4-30,2-34,4-33. 1*34,9 
-21.2 -25,6 -26,9-29 . 7-32. 1-32 • 6-34,4 
-21.3 -27,2 -28. 1-34,1-29.6-32,3-34,1 
-25,4 -22,0 -21. 9-16, 6-16, 7»18, 5-19,9 

• 6.2 -7.4 -7,6 -6,7 -6,1 **7,7 -8,9 
2,0 1.3 1,0 l.O 0.7 -0.7 -1,9 

• S.7 •7.0 -7.7 -8,6 -9, 9® 1 1 ,6-1 3,8 
-12,9 •14,2 -19,7- 1 7,7-|fi,9-22.l»24,3 
-14,7 -17, u -19. 4-22, 0-24, 0-26. 3-27, 2 

-6.7 -9,4 -11. 3-12. 1-12. 9-13, 6-19, 6 
I -5.0 -7,7 -9, 0-10,6-13. 0-14, 3.17,2 
i -4.it •-9.0 -|3, 1-13. U-I4. 0-lb. 7-18, 6 
‘ -12.3 -50.7 -22, 1-21, 7-25. 9-32, 6.39, 3 
1 -17.6 -24,4 -25,9-26. 2-27, e-L»9.B-3u.9 
) —12.4 -12,6 — 1 6 * 0— I ^ » 6— 1 7 . T — 2 3 0 5— 22 ,9 
I -U.u -lO.b -20. 6-20. 4-23. 7-30. 7-29, 1 
i -15.4 o|7,e -24,2-21 ,o-P4o5-20, 0-30. 2 
5 -Ifc.b -20.9 -20,7-25,6»26,2-3| ,8-34 ,2 
5 -21.4 -Pb.l -24, 9-26, 5-32. 3-30. 9-36, 6 
^ -15.1 -17.3 -16. 0-25. 3-23. 6-30,4-30. 8 
f* -26.6 -31 ,2 -33,3-34.3-34.6-37.9-40.6 
4 -31. b -3b, I -33,6-32. 9-33. e-S0.7«42, I 


^90.8 -?**.« -27^3 
a 51.4 -27.4 -2u,l 
*34.; -Pl.7 .16,9 
*39.2 -38.1 -2b. 0 
*33.3 -JO.l' -37.2 


22. t •it3.6 -13. -in'.7 -lo.T* -13.1 -13,9 -1b, 9 « | 7,4-1 8. I - 1 9, I -2u.B»22.b 



1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDtNT SPL (NTCi) 


MULT I CHUTE NOZZLE (run no = is2 


t MISSION ANClt ("UAtlVI. 1C JCT IKMUSI) HtrCHCNCtO TO NOZZLt EXIT 

( OEGRtU ) 


FREQ 

KHZ 

.250 

.315 

.400 

.500 
.630 
.800 
1.00 
1.25 
1.60 
2.00 
2.50 
3.15 I 

4.00 

5.00 
6.30 

8.00 
10.0 

12.5 
16.0 
20.0 

25.0 I 

31.5 

40.0 

50.0 
63.0 



39p 


9g; 

eo. 

7li, 80 , 


• 6*1 

-b ;6 

?.9 

■3.8 

*IU .6 *19,9 

' 2 ‘* 
Aft « 

«t6«9 

A « a 

• l».V 

_#»» A 

*7i9 

^ MB A 


•21.9 <i,4 


pIS.S •14,T 

•e.v •7,e 

•1.6 0.4 

•^.0 •S.T 

•te.S m\t.2 

» 2 I .4 

-la.S -14.2 
•17.1 -9.4 


IC«C «j2.t 

1^.6 «3S.3 «34;o 
2>3ftt .47.8 .47.8 
iG.ti 

14,7 -il.e .84.6DATA FOR THE REMAINING ANCLES NOT 
-6*4 *12^4 •iS'.sANALYZED DUE TO JET NOISE 
-3.U *6.U -els CONTAMINATION 


•2I.4 «is.6 •as.a 

• l«^2 -8>3*l .47.8 

•l«.0 *32.0 

• 17,7 *14,7 

•7,6 .6,4 »\7pA 

?«9 «i3,u *6,u 

11,1 .e^e *9,9 

•7,0 *I9,U 

•8.3 .|7,e ^22,3 
•242 .11.2 .I3,b 
-U,3 -tifi *6,9 
.V',4 .9.S .f(j,6 

•$,8 . e «9 • 16,4 

•s.o •ti^s ^13.4 
-4,8 -17,2 -17*0 
i»7,S .16,7 .11,3 
•I 1*2 -18,7 -1648 
•8,7 «2U,9 <1,0 
•H48 -J?|,8 <3,3 
• 6«7 *16,0 . 1 11,8 
•12,8 *2146 -1S,9 
•13.4 .23.2 .17.9 


*17.9 -I6.T 


•7,6 .13,6 -I7.4 .t«*e 


REF. COAXIAL NOZZLE (run no -na ) 


IMlssiOK AKOLt (RtLATlVi: 10 JC1 EKMAUST) RCrERENCED tO N0Z2LC EXIT 

( UE6NEES ) 


FREO 

KHZ 

PTFi 

3s. 

49 , 

6 «j, 60 , 

. ? 5 n 


6 ./ 

•5.2 

Oil 

. ) 1 'j 

• 6,5 

2.1 

* 6,1 

•0,7 11 , a 

. 400 

. 14,4 

•2,3 

.9.0 

•23^4 . 9,6 

. 500 

• 14,1 

43,6 

*1S,3 

•8,7 *12,1 

. 630 

-o.e 

•5,3 

• 19,7 

-6,8 *19,7 

. 800 

412,6 

•3*4 

.9.3 

. 9,2 *17^5 

1.00 

• •^.7 

•9.4 

•6,9 

•4,S -14,2 

1.25 

•C,l 

4.8 

.1,6 

•0^8 -fl.P 

1 . 60 
2.00 

•1 . 1 

t 9 .t 

3.0 

3.8 —1.6 

•<2.l 

•2,€ 

• 7* 1 

*1 1,3 

2 . 50 

• 1 6 ,( 

-19,2 

-12,7 

-6,6 *18,5 

3 . 15 
4,00 

• 13.7 

•»2.9 

• 1 1 ,e 

•4,N *12,5 

•7.3 

-8.7 

• 6,6 

1,6 *4,R 

5.00 

• «3.« 

• 19,7 

• t t.O 

•S.t *7,9 


DATA FOR THE REMAINING ANGLES NOT 
ANALYZED DUE TO JET NOISE CONTAMINATION 


*28,2 *19,6 
-39,1 
.22,8 *14.9 
•32.7 •25,7 
.Af , 13 - 34,9 


- 8,9 . 11,2 




1/3 OCTAVE NTC (dB) MITH RESPECT TO INCIDENT SPL (NTC() 






«J, «J2 


MULTICHIITE NOZZLE (run no =«3 ) 


L»>19!!•0^ ANbLt (NUATIVL IC JlT LVMAU3T) RirEHCNCCb TO N02ZU fKlT 

( ntCRllS ) 


FREQ 

PTFi 

4 

30. 

411. 

60. 

to. 

70. 

at 

0 

« 

KHZ 

.250 

•7«t 

•6*9 

• 10*1 


- 1 .3 

•0.2 

• 9.1 

«lu'o7 

♦ 315 

• M.9 

• 10. 1 

•ts.e 

• 111.2 

• 4.8 

-4,3 

• 1 J .7 

• 1 3 , 6 

.1(00 


• |4,V 

• 19. « 

• < 

• lo.e 

• 17.2 

-27.9 

• 1 6.3 

.500 


• 14.1 

•22.1 

• 1 J* 1 ' 

• 12.1 

• 1 7 .u 

•*23.2 

• ia.8 

.630 

•2;*i 

• 13 . 7 

• 36.9 

• 13*6 1 

• I4«7 

• 16.9 

•*21 .t 

•I9;,3 

.800 


• H .6 

•29.4 

-i2;7 . 

-1 l.l 

• 17. S 

->2i).e 

• t 7.t 

1 .00 


• 11.4 

• 18. C 

• 11,0 

-2.2 

•IS.U 

^2 3.4 

• 14.9 

1 .25 

• n ,9 

• 11.7 

• 11.4 

•9.2 

• 2.6 

• 25.U 

<3.0 

• 12.4 

1 .60 

•5*3 

-7,9 

•4.3 

• 2 ; 9 

3.4 

• in.2 

-8.3 

•9.S 

2.00 

•/ 

• 9.6 

•6.8 

• 3,7 

0.9 

•8.2 

• 7.6 

• 18.7 data for the REMAINING ANGLES NOT 

2.50 

• 14.4 

• t0«9 

• 14.4 

• 10. b 

• 6.4 

• 13.9 

• 14.9 

-22.7 analyzed due TO JET NOISE 

3-15 

•IS«4 

•84.0 

-«6.3 

• 14,1 

• 7 *A 

• 14. e 

• 18.4 

-20,9 CONTAMINATION 

4.00 


• 19.1 

• 11.3 

.8,2 

0.2 

—6 .4 

•17.7 

• 12.7 

5.00 

-5.2 

• 14.1 

• 6.6 

• 3,1 

2.7 

•7.7 

•8.4 

•e.8 

6.30 

•5.4 

• 12.1 

• 8.9 

• 6,ij 

2.2 

•5 .u 

• 8.4 

• 11.6 

8.00 

•U: .t 

•13. B 

• 6.8 

• 12.4 

• 3.1 

•8.2 

•12.9 

-24.6 

10.0 

• K* .4 

• l7.« 

• i?.7 

• I3l4 

-2.4 

-6.1 

-U.9 

• 13.1 

12 , 5 

• VI. 6 

.17.3 

-U.6 

-13,8 

• 1.8 

-6.7 

• 18, u 

• 10.4 

l6.0 

• 15.8 

• 24.4 

•22.7 

-18,0 

-8.2 

• 12,2 

-23.8 

-27.4 

20.0 

• * b *7 

• 22.6 

•22.1) 

-17.8 

-1 t.r 

• 19.1 

•«2 3,6 

-24.] 

25.0 

• 14.0 

• 21.9 

• t6.7 

-20lb 

.8,4 

• |9.8 

• 16,4 

• 18.2 

31 . 5 

• <b . 1 

• 2S.I 

-23.2 

-23,8 

-9.6 

• 23.1 

• 19.2 

-26*.6 

40.0 

■ 11.1 

• 1 7.6 

-19.5 

-16.9 

• 2.8 

• 12,7 

-I2.i 

• 12.6 

50.0 

• 10.4 

•29.0 

•30.2 

• 28‘.7 

-7.8 

•21.4 

-2l,4 

-16.4 

63.0 

• 6 

• 29.0 

•29.4 

-28’.t) 

•I I .8 

-23.5 

-22. u 

-26.0 

Wf/M 

OPTF^ 





-NOSPLi 


■ 

23. V 

• 15. B 

-14.8 

-12.3 

. 9.3 

• IU.9 

• 16.3 

• 17.2 


RIF. COAXIAL NOZZLE (run no = ) 


lI'lSSJtN ANCLL <<»LLAtlVt 1C Jtl tXI-AU8t) RtrERENCEO TO K022LE EXIT 

( DtCf^tbS ) 



RTF i 

39. 

4C. 

5f). 

6g. 

7«. 

FRLO 







KHZ 







.?50 

• 4.2 

2.1 

2.i» 

- 5^0 

4.0 

.2.2 

.3«5 

• 1-1* * 2 

• 3.9 

• 3.7 

-11,8 

•2.1 

•8.4 

.uoo 

•2-C.6 

• 14.2 

-11,2 

.27,A 

.13.? 

-22,2 

.500 

.19.7 

»t1 .8 

.13.3 

-20. 0 

• 14.8 

•14.2 

.6^0 

• 18.7 

•9,7 

.so.e 

-i7;4 

• 18.4 

• 1 l,u 

. 8'1(T 

• 16.2 

•5.8 

• 17.8 

- 1 4, 0 

• 16.2 

•10. 1 

1.00 

• 12.9 

• 1.3 

• »3.7 

-11,0 

• 11.6 

-9 ,9 

l.?5 

• 8.4 

3.7 

•8.4 

•8,9 

•7.2 

• 1 1.9 

l.AO 

•2.e 

9.2 

.1.7 

t.Q 

• 1.6 

•4.R 

2.00 

• It. 2 

•9.9 

•9.4 

• 6*, 4 

• iu.3 

•6.4 

2 . ‘>0 

• 1C. 3 

• 9.8 

• 13.0 

-10,1 

• 16.0 

• 1 1 .£ 

IH 

• 15.9 

• 12.9 

-10.4 

• 8.1 

-13,0 

• 1 (> .6 

u . on 

•6 .5 

-9.6 

• 1.7 

•o,b 

• 3.M 

•2.9 

‘>.00 

• 12.3 

-9.7 

•7.2 

-ft.? 

• 6,4 

-11.4 

6. 

• 12.7 

-M.9 

• 1 4 ,5 

- 8,0 

• 4.8 

-7.6 

8.00 

• 2 * .t 

• 25.8 

• 17.8 

• 16,0 

• 14.2 

• 20.6 

10.0 

•2<«3 

•14, e 

• 1 8 . 5 

-16,7 

• 15.9 

• 13.1 

12.5 

•c« a 1 

• 19.8 

— 16.8 

-13,0 

• 22,4 

• 13.8 

|18.0 

• 21.2 

• 16.2 

• 19.1) 

-19,6 

• 25.2 

• 11.1 

70,0 

• I9.ll 

• ie.7 

• 18.4 

• 11,4 

• 24,8 

• 15, C 

2 5.0 

•2C.3 

• 23.2 

-27,2 

.19.7 

• 28.1 

• 19,5 

V.5 

•24.5 

• 22.3 

•30.8 

-1B.0 

•24.1 

• 17.4 

uo.o 

• 1C.8 

• 11.6 

.17.3 

.12.3 

• 1H.7 

-7.7 

50.0 

• 24. C 

• 1 6 .8 

• 24,2 

.16.9 

-29. e 

• 17,5 

83.0 

• 31.4 

• 22.2 

-36. e 

-25'.2 

-J5.9 

-25.4 


OPTF , 




NOSPL^ 


23*4 

•7.S 

- l<j .6 

. 11.4 

•9,8 

-11.5 


DATA FOR THE REMAINING ANGLES NOT 
ANALYZED DUE TO JET NOISE CONTAMINATION 



2U3 



1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 


nULTICHlITE NOZZLE (run no » is4 ) 


(HigglON *hCtf (RklAtlVt 10 JlT CXHAUOT) RcrEMLNCLO TO ADZZLC EXM 

( ucRue ) 


PTFi 


30. 

40. 

90, 

to. 

2ii. 

60# 

9U# 

too. 

ito. 

12u, 


•B.S 

• i ».(i 



2.6 


'•6.6 

•9»0 

2.7 


3.2 


• i2.a 

• la.i 

.1^.) 

• 2.0 

•4.6 

-U*2 

•i4;o 

•12.9 

•8.3 

.9.6 

• 4.4 


• fW,6 

• 24,0 

•21^4 

•20.6 

• 10.9 

«20.7 

•2e*9 

•24«2 

•19.0 

•24«2 

• 13.1 


■•«.e >21.9 •29.2 
••«.« •2f.6 •2Z.3 
• «X.7 .39. 7 .93. (I 
*•9.4 .21.0 .17.9 
•fit .M.7 .12.3 
.).i .6.9 .7.3 

■3.4 .9.9 .9.4 

.#.( *17.9 .14.2 
.9.7 .24.6 .19.9 
.•.i .12.1 .7.9 

.« .7 »t«.7 .6.1 

•3.9 .12.2 .‘J.E 

•4,t .14.4 -J2.2 
•7.7 .|9.6 .24.9 
•9.0 .16.1 -I9.C 
.7.6 .23.5 .24.7 
.9.4 .29.6 .29.4 
.< > .4 .31.9 .26.6 
.<2.4 .27.9 .27.6 
••2.9 .26.4 .31.2 
>•5.9 .32.9 .32.6 
-7.9 .32.2 -27,3 


>11.3 *26.4 a9t,t .26^7 
.11.9 .26.6 .29.3 «4U.1 
•19.1 .29.7 *27.9 .32.4 
•It.O *27.7 .21.3 .22,1 
.9^9 .17.9 .13.7 .19.6 
1.3 *9,9 .|6^V *13^,0 

.11.9 .)2.3 .19.6 .|9.S 
.9.9 .19.9 .23,9 *23,7 
.9.1 .23.0 -29,3 .22,9 
• 1,2 *I6,I ••0,4 .||,9 
•6.0 *9.9 -1U.3 *13.2 

•U.9 -I4.U .2u.7 •i2,t 
.6.3 .17.4 .10,0 *2i.9 
•1.1 .)9.l .19.9 .23.2 
-5.9 .12.4 .I7;7 .21.7 
•9.0 -26.2 *2 u. 6 .22.6 
•9.9 -lO'.a .lO.O .22.4 
>13.9 -22,9 -22.0 -27,0 
>12.9 .24.2 -24.2 -24.2 
•5,6 -lO.O -21^9 .2410 
>15.7 -29.3 -27.0 -27.7 
17.0 -29.3 -31.7 -3«.7 


•10.0 -23,3 *19.5 
•21.3 .22,4 .32,7 
•29,1 .29.9 .31.9 
•22,2 .22,3 .19], 1 
•11.0 *13,2 *12.7 
•9.9 .9.9 •i3',2 
•14,1 .io;9 *ii;s 
>12.9 .12,1 *13,9 
■13,9 -17,0 -20, r 
•9,7 .10,4 .13,9 
*9.4 -11,9 *16.4 
>13,0 .19,9 *ie'.i 
>10,0 -14,1 -|£,7 
>11.0 .19,1 *19.9 
•10,9 .18,9 *14.2 
>16 . Ol .21.1 .17.9 
‘17,3 .17,1 *14'8 
•19.9 .|7,9 .21,2 
•20. 7 .22,2 .23.2 
>17,9 .14,3 .lE^J 
•22.9 .24,0 .29,0 
■l0.2 .22.0 .29.2 


20.2 .10.3 .19.0 .12'.B 6.3 -9.7 *17.6 .19',9 .10'.2 -11.3 .13.8 .|2'.2 


REF. COAXIAL NOZZLE (run no = i7i ) 


irlOSlOKi AN6LC (RCLATIVC 10 3CT tXHAUSt) RCEERENCCO TO 80Z2LO EXIT 

( DCCRttS ) 


•20,4.21,6.22,9.19.7.13.3 
•29. 9.29. 0.28. 3. 17. 7.1 7.0 
.20,4.40.9.34,9.19.9.21,2 
•27, 7*39, 7.30.7. 18. 2*21, 3 
-29,0.32.8.28,0.17,8*21,9 
•23, 7*41, 9*26. 2*1 6. 9*20l I 
.10,9*28,0.2g,9*2o.8*17,7 
•Il,9«l3,9>13.8«l9.6*l3ll 
■1.3 .3.3 .3.3 .8.4 .9,3 
■8. 9. 1 2,2. 13, 4. 19, 4.1 ell 
.13,3.|7,2.20.3*20,e.2l,8 
.19,8. 1 0.1*20. 3*22, 7*29, 4 
*0,2 *0.8*10.3 *0, 7*14,3 
-0.9*12.9*19,2.i9.9*82.9 
-19, 0-1 9:3*16.9*10, 0*22, 3 
•29, 4*23, 9*24. 9-29, 7*27, 9 
-22. 9*23. 6*22. 2*26. 2.27.0 

•19, 0.17,6.20, 3. 22. 9*24,1 
*21,4.20,6.27.1.30,7.32,1 
• 23.0. 1 9. 1.24.9.26,9.20.9 
•23. 6.23. 9.32. 3.31, 0.39, 9 
•22.2.22.4.27,0.31 .9*30.3 
•20. 1.27. 0.29, 4.31 .3-31,9 
.29. 1.20,8.32. 9-39, 9.33. 6 
•39. I .36. 2.38. 3.44, 2. 42. 4 


PTFI 

to. 20. 3o. 

4o; 

eo. 

to. 

/u. 


•7.6 •O*^ -3l4 

•H«2 

• 13,6 

• 8,7 

• 12l3 

• is.e 

•lt«6 •S.e •S.B 

•9.3 

• 16,6 

• 14,6 

• lale 

• ie.7 

• 13.6 <i9.6 «12^9 

•9,6 

•22,5 

-'21,6 

•41.7 

• • a „3 

•|4,0 •10*6 

•9.1 

• 19.7 

-19.6 

•28.4 

• 17.0 

•14.3 •11.9 *14.3 

•8.4 

• 17.4 

• 17.7 

•24.7 

• 10^6 

•12.6 •9,4 •to.O 

•6.4 

• 15,4 

•18,1 

•24.2 

•*4,3 

•11,1 •e.S -7.0 

• 4.6 

• it,e 

•'21,6 

•28.9 


•9.9 •J.O ^210 

-2.6 

• 17.7 

•17.2 

•M'.O 

•2.1 

•10.3 1.2 S.Q 

2.3 

• 1 ,0 

• 2.B 

• U2 

•U.4 

•25,8 •9,4 -4l4 

•5.6 

-7.4 

• 8,6 

• 9l6 

• 1 4^t 

•26,7 •13.7 *9.7 

•10.4 

• Ml.l 

• 12.0 

• M^O 

• t4,| 

•26,9 *i2.4 -9.6 

• lu.6 

-6,5 

•H.2 

• 14.4 

•5.6 

•23,9 •S.O •2«H 

•2.2 

•0,1 

• 3.9 

'•B.3 

•U.o 

•3o,l •12.9 -7.3 

•8.6 

-6,6 

• 8.2 

•aCa 

•t<6 ,« 

•30.7 •n.i -olo 

• 6.3 

•e.i 

• 4.9 

• 12.8 

• n.t 

•31,3 •21.6 •16.9 

•17.3 

• 12.7 

-U.4 

•23. S 


•30.5 •t9«l •16.1 

• I6«9 

• 1 5 ‘, 4 

• 11.8 

• 1617 

• *a.o 

•32.0 -20.9 -22.4 

•17,0 

• 16.U 

•M.6 

• 16.6 

«23.4 

•J6.6 •21.9 •19. V 

• 19. B 

• 26,9 

^20.7 

1 7.6 

•22.0 

•34,0 -22.9 .2213 

• 19.2 

•19,0 

«'S4.I 

• 19.9 

•24,4 

•44,3 •33#U •29.1 

•24.6 

• 19.4 

•^22.1 

•2U.4 

•22. W 

•43,0 *32, B -Ol.B 

•23.7 

• 16,5 

•19.3 

• 16.4 

•22.0 

• 37.6 «42<i.8 .OJl? 

• 29.4 

-19.1 

•16.7 

• I9l4 

•25.6 

• 38.^ -29.2 *27% 

•3U.B 

• 16, t 

-23.3 

•23.9 

•27.0 

»4I,3 «36»2 -34,1 

•3S,4 

• 16,1 

•33.3 

•31.8 


32.0 -10,4 


I0'.7 .11. 


12.3 .13.4 .16.3 .17. 9. 20. 2. 21. 4.26,9. 2r,9 





1/3 OCTAVE MTC (dB) WITH RESPECT TO INCIDENT SPL (NTC.) 


Mj, * O’® 


M. -1.2 

J2 


“AMBIENT “ «00 K 


MULTI CHUTE NOZZLE (rum no = is? ) 




IKISSIUK AMiLk (RlkAtlVk 1 


FREQ 

PTF^ 6f. 

60* 


KHZ 




.250 

14. t 28.8 7.6 



.315 

^7.5 3.6 *14,4 

-iJ^i 


.400 

• tv.l; -e,/ p?4.H 

•20«t) 

I'.* 

.500 

-21.9 -26.7 

•2J.N 

Tt 

.630 

•24,1 p|2,H p36»0 

-2e;9 

•T 

.800 

•23,4 p|2,l 

-22,« 


1.00 

•21. a Plil,6 p?4,ri 

-2b.ti 


1.25 

•19,2 p6,e pl9.7 

-21,9 


1.60 

•15,1 p4,3 •14,2 

-16.9 


2.00 

•a.v 1^6 P6.9 

•10,1 


2.50 

• 12. u •i.a pe.9 

-12,3 

■ K 

3. 15 

•2«:«i •16.4 «t6.3 

-19,9 


4.00 

•22.1 *12,6 pi7.S 

-21,3 


5.00 

• 1C, 6 -7,6 -11,7 

- 1 5,6 


6. 30 

•ij,l -1.5 p4.4 

-8^5 


8.00 

•13,1 -S.6 -6,4 

• 1 1,6 


10.0 

•14.5 -6,5 p7.2 

• 15,3 


12.5 

•*4,r -3*6 -iT,l 

•\7‘7 


16.0 

•1 4 ,t •3,6 •22,5 

• 16.7» 

' 

20.0 

•17,7 *9.4 -ie.9 

•I0.7 

25.0 

•le,7 »8,5 •17,2 

•19;i 


31.5 

•2S .6 • 1 3,4 --23 , 1 

-18,5 


40.0 

•29.5 -za.l •23,4 

-24^7 


50.0 

•24, e -17,5 -16*7 

•20,0 


63.0 

•31,5 .24.4 -23.2 

-28,5 



19. C -7,2 -14,6 

• I8*,4 


( nccRUS ) 


OlilfflNAL page is 


DATA FOR THE REMAINING ANGLES NOT 
ANALYZED DUE TO JET NOISE CONTAMINATION 


REF. COAXIAL NOZZLE (run no =i 76 ) 

iMSSiUK ANtLL (RUATIVL TO JtT Dil-AUST) RLFERENCED TO NOZZLt EXIT 

( ocgRees ) 


FREQ 

KHZ 

.?50 

.315 

. 400 
.500 
.6^0 
.800 

1.00 
I.2S 
1.60 
:.’.oo 

2 . so 

3 . Vy 

4.00 

5.00 
6. 30 

8.00 
10.0 

12.5 

16.0 

20.0 

25.0 

31.5 

40.0 

50.0 
0 


• 4.4 
•ti.M 
•22*2 
pt l.V 

pi • .b 

• 13.3 
•13.5 

•Mi 

•2.L 

•15.2 

•2< »V 

• 23.2 

• It ,e 
-2«.2 

• 21,1 
■ 2*g • E 

•24 

• 2l .4 

•29. e 
•3t ,e 

• J4 


•K.9 

• 0.2 

2./ 

• 1.5 

•1.4 

2.« 

«.e 

9.2 

•3.5 

•y.i 

««2 

-9.< 

•9.3 

•8.9 

-9.1 

• 13, t 
•W,Z 

•12,? 

• 13,9 

• 24,? 

• 23.1 


DATA FOR 1HE REMAINING ANGLES NOT 
ANALYZED DUE TO JET NOISE CONTAMINATION 


22.9 p4.| 


25 ! 




5 









1/3 OMAVE NIC (dB) WITH RESPECT TO ’NCIDENT SPL (NTC,) 


Mj, 


Mj2 “ 


== 450 K '=600K 



MULT I CHUTE NOZZLE (run no = ) 


IK18810K AMiu (Buunvi; HixmAcco TO Nezitc e»n 

I«. ?«. 30. -•«. eo. *«. TO. eg. 90. loC. no. «8o. 


• 17, s 
p«7.fc 

• I U ,4 

-•S.4 

«C»S 

• 4,4 

• <c,g 

• is.v 
-4,1 

>n.2 

• 15.1 

• 4 i I 

• ••t.5 

• 12.7 

• n ,4 

• 14.1 

• te.e 

• Ib,6 
21. t 


• n,9 

•4.S 

*9,2 • 
• 6,6 . 
*10.6 

• I 3,2 

• 26 .* 

• 16«9 

• 21.4 

• 34.1 

• 37.S 

•3y,6 

• 33,7 

• 36.1 

• 34.4 

• 24.2 

• 36.1 

• 33.6 

• 36.4 

• 34.3 

• 36.8 
•29.9 
• 27.2 


•6.0 *9*8 

-It’.; •12.9 

• 1 6, 1 #14,6 
•16.6 -I9.I 
-20,»2 •l6«4 
.24;o -12.9 

• 16.2 ^*9,9 

.7,9 .7*1 

•6,i< *9,4 

•3'^ I -7.1 
■7,0 *4,3 

.IH'G -12.0 
-20,8 -l7*S 
.16,4 .I4«3 
-7*0 -4*2 

-13^2 -0,« 

.14,0 #13.7 
-1.5 *l,l 
-tl,9 -IS,® 
-9.4 .19,4 
• OlO -I4j|9 
-7,7 #2U,6 
•17,0 -l«.9 
•16^9 -22,6 
•16>0 -24,9 


#13.9 
*17.7 
•2* *3 

• 10.3 
-17.8 

• 14,4 

• |3«I 

• ie.2 

.6,6 

6.6 

2.6 

#9,9 

.6.9 

- 6.6 

0,7 

-10,9 
0.6 
—6 * 9 

• 10.3 
-8*6 

#IU.7 

• 11^6 
• 1 9.U 
-I0.b 


U.O #6,7 -O.O •0.9 

•4.9 •\Hm2 •|2*0#I2*I»|4,|-|4,4«12.2 
•12*3 #90#3 •28.l*29.2«18,5-47*2*28*7 
•14,3 #20,8 •2I,9-23,9-J9,7-29,0*23.P 
#21.2 *2i;6 .|0,9-2O,6-22.3-21.4.2O,l 
•18,2 -19*9 -20.0»2l.l«2?*2-2l.6*20p3 
-14.7 -16.9 •23.9-2244#23. 1-22.9*20*6 
•11*7 -I4,9 .20.6-21.6-26.7-27, |•?^,9 
-lu.b -IS.O -14, 1-17, 0«20, 7-26. 6*23jil 
•5*9 •5*9 .6-|7*7.20, l-lSnO 

•3,0 *4^1 -7*4-1 0,2- 17, 6-1 6, 0-1 4, 9 

•9*6 •13,7 -19*9-19, 6-18, 8*16.4*20, 2 
-12,2 -18.3 -10.7-18,8-22,6-24.9.28,1 

• bI 7 -12.9 •U.6-l5*6-23.9-27, 8.26.3 

.11,5 .o;4 -1.3 •6^2*14. 6-17. J-ie*6 

-10,9 -11*4 -17*2-21 ,l#20*4-20. 3*27, 2 
•8,1 -15,1 -17, 6»l 0*6-23. 1#27,3*23,0 
2,0 '.OaO -7,9 «f>9,7# 1 2 ,9— 1 5 ,7- 1 9 , 7 

• 2.9 -a.? -H,l-l9,5-24,0-22*0-25,3 

•5,0 ■•0,7 -l8,0-l5,2-20*4-l8*3.21 ,4 

•4,4 .6,4 #13*4.16, 4.17,9.18*3-20, 4 

• 9.0 •11,9 - 1 4*6-1 4, l*29,9- 1 8*9*22 ,9 
-•»!,« .|S,0 «l4.2-t9.9-2n9«82.fi*28.0 
• I4«g •19,8 •I3,9»J7,T"J6..1“22»S*?J*® 

.IT.» m9\.i .l9'.l»23.T«gltO«gT*a*gT«<' 


24.; •13.1 


• i.4 .I3-.I -0.1 -7.7 •«*2 •‘S'.T -i3.e-ie.i.J9.i-»9,«.i8.e 


REF. COAXIAL NOZZLE (run no =i7») 


tMSSIUN AMiLf (BUATIVK i',jJtT^CAHAU8T) RurtRENCCO TO NOZZLf EXIT 
66, 70. 80. 90, 


• 16,6 

• 15,1 
-26,9 ^ 
•24,8 < 
•22,7 T 
•2i.8 ' 

• 18.4 

• 17.2 

• 12,9 
-3.2 
-8,9 

• 19.3 

• 18,7 

• M.g 

-16,3 

• 1V.4 

• <2.l 

• 17.0 

• 19.3 

• 18.7 

• 13,3 

• 19,4 

• 17*9 

• 2C.3 

• 3« ,8 


• 1U,4 

• 15,2 
-32*9 
-24*4 
- 20*6 
-18,0 

• 14.8 

• 14,0 

-12,11 

• 2,6 
• 8,0 
.17,9 

• 19,2 

• I 4,6 
• 9,9 

• 15. S 

-13.7 

• tR,4 
-13*8 

> •id.s 

s -10,7 

7 • 1 4,11 

? -14,1 
? -21,4 
0 -27,0 


ORir.ixu 

01' I'C.OIJ. 


PACE IS 
Q’JAUTY 


DATA FOR THE REMAINING ANGLES NOT 
ANALYZED DUE TO JET NOISE CONTAMINATION 


-7.4 -|?.L -Ib'.l -IS. 7 







.■•I 


1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 

900 k 


^J 1 


0.8 


Mj 2 “ 


T„ =675 


R 2 


MULTICHUTE NOZZLE (run no 


161 


) 


FREQ 

KHZ 

.250 

J15 

.400 

.500 

.630 

.800 

1.00 

1-25 

1.60 

2.00 

2.50 

3.15 

4.00 

5.00 

6.30 

8.00 
10.0 

12.5 
16.0 
20.0 

25.0 

31.5 

40.0 

50.0 

63.0 


IHIfisIO*- AKCLt (RLtATlVt 10 JtT lAMWD RLftRCWtO 10 KC2ZLC EMT 

( 1 )IIC 8 tt 6 ) 


PTF| 

64, 

• 16,2 

• 1 5 ,4 

• 16,6 

• 19.2 

• 18,9 

• 14.3 

#16.7 

• 13.9 

• 11.6 

•12,9 

• 1 1 *6 

• 1 1 .1 

• 14.3 

#8.9 

#6.7 

#2*3 


• 7 *6 
• 4.5 
■ 11.2 
I li 4 .0 
R«/.t 
»H .3 
•^.? 
•e.3 


60 * 


•e.i 
•6«3 
•9.4 
•6.4 
• 4 .5 
•3,fl 

0.3 

• 7 .a 

0.9 

• 5.6 


75, 9o', iuOt 


-5*9 
• 2.8 
•2.4 
•9.9 
*13.4 -U.2 
r19.2 *14.1 


.7.7 

•6.9 

.3.2 

01.8 


•6.3 

• 4.7 
•5.9 


.I 7;9 

>16.1 

• 21-6 

• 21^7 

• 22,4 

• 21.2 

• 14.1 

. 6^7 

.y.o 

w 

•4.6 

• 8,6 

- 11,8 

. 6,2 

-2,4 

-3,7 

3*0 


• 2 u.e -IS.; -lo.u 

•19.9 •14.5 -It.t 

• 19.8 •34'.8 •'S2.5 

•19.1 .i(,U .10.8 
•i7.8 »6,2 *7.6 

• 16.9 .6.4 .fit. 8 

•16.6 -S.9 ^f5*l 

•i5.6 .3,9 .16.6 

•11.2 .9.6 -a.s 

•9«f .16.9 *6,U 

• 1*9 .5,9 ‘*5.7 

*11.0 •IS. 3 .13.9 
•l7.? *l2.3 -13.9 
•16.8 *14.2 .15.3 
•9.4 .9.7 i«29.2 

•6.9 .7.9 .19*7 

•II. I .4.5 .17.9 
-7.8 -7.6 .14,6 

•9.6 •14.4 

-13.1 


-o •• 
• 11,6 

•7,7 

•6-6 

. 7,0 

#lU-9 

•9.6 

•8-1 

•j.3 

•3,0 

-2.7 

•6.6 

•6, 1 

•2,3 

3.9 

0.3 


•3.8 

■ 1 .6 

•2,6 

4,1 

•3,4 

-O.O 

2.3 

1,6 

•S-6 

• 3.9 

•3,6 

•0-0 

•4*3 

• 1.3 

#13,4 

• 16,6 

#9*9 


-7*7 

• 14,3 

•ilil 

• 11.8 

• 1 8 ,6 

■9.8 


#11 -u 


• i 7*8 
.17.8 
.^ 0,9 
-19,8 
#18,6 
#17*9 

• 17*4 
.14,1 

• 12.4 

• 14,6 

.11,6 

• 11.9 

• 16‘.2 

#24.7 

• 17.4 

• 19,4 

• 16.8 

• lb, 7 

• 1 6,6 

.19.3 

.i.i 

•#3.U 

•6.3 

•n.e 

• 17-6 


■ 17*6 
•16*3 

• 27.4 
*29.4 
# 12 *S 
•16*1 
#21.9 
-14,8 

#9.9 

• 12.0 

•7,6 

#14,2 
•23,9 
•29.4 
•19.8 
• 29 ;. 4 
•18,3 

• 17*9 
•|8.9 

• i 8.3 
•11.9 
# 1 1.6 

• 11*9 

• 15,4 

•ga.a 


OPtFi 


HOSPLi 


23. A •H.2 -e.l -'J.6 *'••• 


REF. COAXIAL NOZZLE (run no =”®> 


FREQ 
KHZ 
.250 
.315 
.600 
.500 
.630 
.800 
1.00 
1.25 
1.60 
2.00 
2.50 
3.15 
;.oo 
5.00 
6. 30 
8.00 
10.0 

12.5 
16.0 
20.0 
25.0 

31.5 
ho.o 
50.0 
63.0 


"rMsSlOK ANCLE (RCtATIVt 10 JtJ tAMUSI) RtrEREKCED TO KM7U£ E*H 

C DluRtto 7 


PTF; 


#9.1 

•9.3 

•U.4 

*19.7 
- 18.4 
-16.1 
-13.1 
•9.7 
•7,6 
•6 .6 
1.6 
•4 ,6 

• 14.3 

• 18.9 

• 13.0 

• 19.6 

• 19.4 

•9,1 

• 19.C 

• 19.9 

• 8.0 

. 11.1 

• 8,11 

• 49.4 

• 22.1 


69. 


•4,6 

• 6.6 

• 3.1 

• 6.1 

. 6.9 

• 9.9 

• 1.9 
1.8 
3.8 
2.6 

1 1 .6 

9.1 
•6. I 

- 11.8 

•6,9 

•9,1 

• 4,3 

4.6 

• 7 ,4 

• 1,6 

2.2 
• 2,9 

2,4 

• 14.4 

• 13,4 


70 . 


• 2.1 • 
• 2.1 < 
• 2.1 
.9.9 
•22,7 
•24.2 

• l7.6 

• 19,1 

• 1 4,0 
-13.7 

• f,2 

• 3.2 

•9,4 

• 12,9 

• 6.2 

• 6.6 
•9.3 
.1.7 
11.4 
• 6.0 
•8,9 
• 6.2 
• 6.8 
.16,4 
. 16*8 


80 , 


-13,9 

-14,0 

.19,4 

• 16,7 
.19,7 
. 17;4 
-I 9;6 

• 19,2 

• i 7;3 

- 0,6 

• 0,8 

• 1 C,Q 

• 12-0 
•ir,4 

•8,9 


• 12,0 
•9', 4 
• 6,0 
.9,1 
- 8,0 
.17,1 
• 20-2 


DATA FOR THE REMAIMINO ANGLES MOT 
ANALYZED DUE TO JET NOISE CONTAMINATION 


OPTF^ 

26,6 «3,4 


-NOSPL^ 


7,2 •10.3 



1/3 OCTAVE NTC (dB) WITH RESPECT TO INCIDENT SPL (NTC,) 

MO 0.8 M * 0.9 T„= AMBIENT T„ = 600 K 


NULTICIIUTE NOZZLE (run no =162 ) 


FREQ 

KHZ 

. 2'0 

. 3 t 5 

.SCO 

.6.i0 

.800 

\.0i 

1.25 

1.60 

2.00 

2.50 

3.15 

11.00 

5.00 
6.30 
8.00 

10.0 
12.5 
16 . 0 
20.0 
25.0 



1 ^^lOSlUK. AKtlL (»U.Af IVt 

10 JtT 

t)U-AU6Tl RtrCHlKCtD TO KCZ7LC r*lt 



( DLGPttS ) 





>TF, 

3|. 40. 6g. 

70. 

6ii . 

90. 

M)U. 

110. 

12U. 

• 1^.9 

• 12.6 *7.8 -IQ*, 4 •1.4 

• II .6 

-t4,4 

• 1U.9 

-tl.8 

• 19.1 

•11,1 

«I4.4 

•17.1 -11.8 -18.Q -S.O 

•It.l 

-17*9 

• ib,s 

• 16.4 

• 19.6 

• 15.7 

•28.4 

•3«.7 •17.8 *31.? -18.2 

>r6.2 


• 46.1 

• 32.6 

• 30.3 

• 33.1 

•28.1 

• 28.9 -iQ.e -23> -18.9 

•26.1 

-»2J*1 

«2S.b 

•2’. 3 

• 31.6 

•27.7 

*24.7 

•24.1 •P?.! •29.0 -20.2 

• 27 »6 

-24.1 

-2 1 .6 

-24.4 

• 34.4 

•24.7 

•24.1 

.19,7 •}t.« •\9,7 •?!.« 

-?t.g 

-2?. 3 

• 22.9 

-24.9 

*32,9 

•24.1 

•23.3 

•14,6 -19.9 -23.6 

•26.6 

-211.6 

-26.2 

-26.8 

• 31.9 

*23.6 

• 19.4 

•9,5 -U.d •i6^h -20.4 

• 27.9 

-21*9 

•23,5 

-3ti.O 

• 29,7 

• 24,7 

• 12. b 

-9,9 •6.7 *8^0 pIu.K 

-14.6 

-15.6 

•!4.1 

-19.0 

•26.0 

•23. B 

*C.4 

•6.6 •4.0 •4.G 

-t.9 

-6.8 

• 9.3 

-14. S 

• 18.4 

• lS.2 

• 1 a .C 

•12.6 .9. 8 -3^4 .H,2 

-9*6 

-1 1*6 

• 15.8 

-20.6 

- 16.6 

-17.0 

• i8.2 

•21.6 •16.0 -b.D -lu.l 

• 14.2 

-16.9 

• 16,7 

-2U.1 

• 21.0 

-21,3 

• I/.3 

•27.7 •20.4 -irr^o -IP.O 

• 19.1 

-20.5 

• 2U.2 

• 22.5 

•25,2 

-26.8 

• 13.1 

•22.6 •te.4 -5.7 •lo.t 

-14.3 

-13.7 

• 16,4 

-23.4 

• 26.4 

-26.7 

-2.9 

• M.7 .4.7 3j,4 -U.7 

1.1 

• J.o 

• 11.5 

-19.9 

•18.8 

*15.2 

• 14,7 

•29.7 *14,5 -9^« -B,? 

-9.6 

-21.1 

•28.1 

•26.6 

•23.6 

-31.2 

• 1 1 .9 

•16,4 .9.B •(0^5 -2.8 

-6*7 

-23.4 

-24.4 

-23.0 

• 25.6 

•22.0 

• 9,8 

•12. f •7*4 -6,0 -2,1 

-7.1 

-l4.o 

• 12.5 

-20.4 

• 15.6 

-20.6 

• ij*9 

• 21.6 •21*3 •n,.l -4.6 

• 13.1 

-16.4 

• 22,7 

• 22.2 

• 23.4 

•23.7 

• 13.9 

• 19.9 -iS.n *1 r.2 «4.9 

• 11*6 

-17.7 

• 16.6 

-19.6 

-21.1 

-22'.0 

-9.7 

•»|6,2 •14. S -6^7 -1.4 

-9 . 1 

-12.4 

• 15.3 

• 15,6 

• 18.9 

• 13.7 

• 1 1 .9 

»I6,2 •21.B *7,3 -4,6 

-19*4 

-ie.6 

• 15.4 

-.16,9 

•16, 1 

•22.0 

• *4.3 

*l5.1 -14.9 •19^7 -O,? 

• U*4 

-12,5 

• lu'.a 

-14.2 

• 15.4 

• 17.7 

• 1 8 

•19.6 -2t*9 -16.6 -10,2 

• ie.7 

-15.9 

• 18.1 

-21.9 

• 20.6 

•23,7 

• 32.1 

• 22.9 •PB.l •23*./ -U.B 

• 18.3 

-26.2 

*2U.4 

•21.4 

• 25.9 

• 29,7 


18,3 


\ 7»7 •IS.V -30. a 


RKF. COAX AL NOZZLE (run no =i75) 


TREQ 

KHZ 


.2bO 


.3»S 


. iiOO 


. 300 


.650 


.800 

1 

,00 

I 


1 

,60 

2 

,00 

2 

• SO 

3 

. 15 

k 

,00 

1 

,00 

f, 

50 

8 

,00 



tl'lSSlUK 

ANCU 

(PlLATlVt 

TC JLT 

tX^AUBT) RtrCRENCLD TO 

\czti\: txiT 







( ntcRtts ) 






3« 

. 

40. 

6n. 

6g. 

70. 

8U. 

90. 

100'. 

110. 

120. 

n 


6 

•2.3 • 


-4.4 

•Spb 

•19.7 

• 16.2 

• 16.1 

•is.o 

• 16.7 

i 

•2 . 

9 

•3.2 

-a.h 

-6.0 

•7.5 

•'21.4 

• 18.1 

-17.3 

•t7.0 

•20.5 

e 

• 9. 

6 

•5*2 

•7.0 

-11.9 

•21.5 

-27.2 

•26,6 

-20.5 

•27,4 

• 26.5 

3 

-9. 

ifl 

• 9.4 

-a'.v 

-IS. 7 

• ie.7 

-26.0 

-24.6 

•20.2 

•23.2 

• 24.9 

9 

•12. 

3 

-14.(1 

-9> 

-20. 1 

*14.5 

-25.5 

-24.2 

-2u.o 

• 22.2 

•24.0 

4 

•8. 

6 

• n.6 

-7.1 
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-23.4 
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6 
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• 4. H 
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•2.4 
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• 18,6 
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• 16.8 
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APPENDIX D 





A 

c 

D 

f 

h 

I 

k 

L 

NTC(5NTF) 

M 

P 

P 

PTF 

R 

t 

T 

u 

V 

W 

X 


NOMENCLAl'tJRE 

cross-sectlonal area of the duct 

speed of sound 

diameter 

frequency 

annulus width 

acoustic intensity 

wave number, 2irf/c 

protrusion of primary exit beyond the fan exit 

nozzle transmission coefficient (=nozzie transfer function) 

Mach number 

acoustic pressure amplitude 
static pressure 
power transfer function 
radius 

polar arc radius 
time 

temperature 
particle velocity 
mean velocity 
acoustic power 
axial coordinate 
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X wave length 

p dens I ty 

0 reflection coefficient amplitude 

<• 

e far-fleld measurement angle (degrees) with the Jet axis 

A convergence angle of the nozzle 


Subscripts 

0 

1 

2 

c 

0 

DL 

e 

f 

I 

J 

r 

R 

t 

T 


relating to the ambient 

relating to the primary Jet 

relating to the fan jet 

relating to the conical nozzle 

relating to the duct 

relating to the daisy lobe nozzle 

relating tc the exit conditions 

relating to the far-field 

relating to the incident wave 

relating to the fully-expanded Jet condition 

relating to the reflected signal 

relating to the reservoir conditions 

relating to the transmitted signal 

relating to the free- jet 
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